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THE AUTHOES^ PKEFAOE. 



In the present work, the " Principles of Pharmaceutical 
Materia Medica " {Ovvrndiagen der PJiarmaceutischen Waar- 
renkunde)^ by F. A. Fliickiger, published in 1873, appear 
in a revised form, and materially extended. In this second 
edition, the above-named author has undertaken chiefly the 
preparation of the first part, and the newly associated author 
(A. Tschirch), the second part, comprising morphology and 
anatomy, so that really a new book has been produced. Al^ 
though the original plan has been essentially retained, the 
arrangement of the material within the more extended space 
has, nevertheless, necessitated numerous changes. 

It seemed to us appropriate in this revision to also take into 
consideration those crude substances of the vegetable kingdom 
possessing an organic structure which receive technical appli- 
cation. On the other hand, zoology has now been but inci- 
dentally considered, for the reason that pharmacognosy has to 
treat of only a very limited number of animal substances. 

With regard to the classification of tissues, we have thought 
it proper to follow Haberlandt's " Physiological Plant 
Anatomy" (PAy^^o^^i^cA^ P/?«^^?ia7i<z^mi€), Leipzig, 1884,. 
which, besides the anatomical consideration of tissues, also 
elucidates their physiological functions. In our capacity as, 
teachers, we have acquired the experience that an anatomical 
description becomes of much more interest to the pupil by a 
reference to physiological relations. Although the system. 
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of physiological plant anatomy in its details is still in need of 
•completion and general recognition, tlie outlines of the same 
lappear to us, nevertheless, to be sufficiently well defined to 
be able to serve, in the manner intimated, as a foundation. 

In one point, however, we have departed from Haberlandt's 
•classification. The cell, its contents, and its membrane have 
been treated by us in a more complete manner, and placed be- 
fore the tissues. This deviation recommends itself for practi- 
cal and didactic reasons ; for the beginner must be instructed 
regarding the cell and its contents before learning anything of 
the tissues. The substances contained in the cell also possess 
too great an interest for the pharmacognosist to be inserted 
in the text simply in a secondary manner. 

A second change, as already intimated, is that we have like- 
wise made a place for technico-microscopical investigation, of 
which every one will approve who takes into consideration the 
extent to which the apothecary of our day is called upon as an 
•expert. In order to aid in furthering this service of phar- 
macy, which is of general interest, we have, for example, 
treated more thoroughly of starch and the textile fibres. 

In the morphological portion, which has experienced a 
complete transformation, we have endeavored to give a 
brief sketch of the most important phenomena, whereby 
the technical expressions in present use have received explana- 
tion, especially those which occur in the deservedly widely 
distributed Syllahua of Eichler. Here, as in the anatomical 
portion, we have drawn the narrowest boundaries, since the 
present work does not pretend to be a complete text-book or 
manual. Nevertheless, some few sections which are of im- 
portance to pharmacy have received relatively somewhat 
greater development and more precise adaptation, as for ex- 
ample, tliat relating to the receptacles for secretions. A chap- 
ter on the galls has also been newly inserted. 

In the selection of the woodcuts, we have chiefly considered 
the drugs and crude substances of technical application. The 
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same applies to the selection of examples from anatomy and 
morphology. The one hundred and four illustrations of the 
first edition have, for the most part, been again introduced, al- 
though increased by thirty-seven illustrations sketched by the 
newly associated author, as also by a number borrowed from 
other works, the names of which, as a rule, have been men- 
tioned. With some of the illustrations which were placed at 
our disposal by the publishing house of Springer, it has not 
each time been stated whether these were derived from the 
works of Hager, Hartig, or MoUer. Yery often we were also 
obliged to content ourselves by referring to still other illustra- 
tions, for example, to the plates of the handsome anatomical 
atlas by Berg. 

It has likewise been our endeavor, through abundant cita- 
tions of the literature, to be of service to those members of the 
profession who may desire more complete information. Al- 
though not every one will be in a position to refer to the 
sources of information cited by us, we nevertheless wished, on 
the one hand, to show that we have endeavored to utilize the 
best and most recent acquisitions upon the wide field of the 
auxiliary sciences, and, on the other, we hope thereby to afford 
an impulse in many directions. The latter purpose was par- 
ticularly kept in view with regard to the section devoted to the 
history of drugs. The Authobs. 

Strassburq and Berlin, May, 1885. 
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The generally acknowledged importance of the study of 
pharmacognosy as a branch of useful knowledge, and the con- 
stantly increasing recognition of its extended practical, as well 
as scientific applications, will doubtless afford to all who are 
conversant with the subject a suflScient vindication for the pro- 
duction of an English version of a work which bears, as its 
highest commendation, the names and impress of its distin- 
guished authors. 

The work here presented will doubtless at once indicate the 
aim and the scope of the science of pharmacognosy, and 
clearly demonstrate its intimate connection on every hand with 
chemical, botanical, and microscopical science, as also the im- 
pulse afforded for the further investigation of points of his- 
toric interest and a more extended knowledge of the geograph- 
ical or climatic and commercial relations of vegetable products 
in their varied applications, either as medicinal remedies, as 
food, or in the arts. 

However important the consideration of the physiological 
action and therapeutic uses of drugs may be from the stand- 
point of medical science, it is evident that this alone should 
not suffice for the professional pharmacist or for pharmaceuti- 
cal students, who should be instructed in the science of phar- 
macognosy in its broadest sense. It is thus to be hoped that 
the principles outlined in the work in question may serve to 
broaden the exposition of the organic materia medica in the 
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directions intimated, and to secure for the same a still wider 
recognition and better appreciatioti of its nsefnlness. 

In the preparation of this edition, the translator has been 
kindly favored by Professor Fliickiger with a few additional 
notes, which have been suggested by the advances in literature 
or in the related sciences during the short period which has 
elapsed since the publication of the German edition, and a list 
of the illustrations occurring in the work has also been ap- 
pended. 

The translator may finally be permitted to state that he ha& 
endeavored to preserve in this edition not only the form, but 
also the attractiveness of the original work, and while attempt- 
ing to follow the original as closely as was consistent or possi- 
ble, has spared no pains to maintain accuracy of diction and 
the correct rendition of many newly adopted technical terms. 

That the work may accomplish the mission designed by it& 
authors, receive to some degree the appreciation which it 
merits,' and be made available to a larger circle of readers, was 
the highest purpose and the chief desire attending the labor 
which the translator has been permitted to bestow. 

University op Wisconsin, Madison, January, 1887. 
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THE MISSION OF PHARMACOGlSrOSY. 

The substances which are employed medicinally for their 

remedial action are either the products of human skill or they 

belong directly to the two organic natural kingdoms. Among 

the medicinal substances formed through chemical operations 

we meet, indeed, with such as are produced only by certain 

definitely conducted chemical or physical processes, as, for 

example, the acids, iodine, bromine, chloral, phenol, glycerin, 

alcohol, and the alkaloids, be it that chemical industry starts 

from materials belonging to the inorganic kingdom, or that its 

first point of departure, as in the two last-named examples, falls 

within the circle of organic nature. In some rare cases only 

(mineral waters, for instance) is it sufficient to merely choose a 

suitable form for that which nature offers ready for use; more 

frequently chemical skill is directed toward the isolation of 

active principles from plants (exceptionally also from animals 

or animal substances, or from the mineral kingdom), and to the 

separation of these principles from associated substances, or, 

in other words, to their purification. In all these cases the 

object is to place at the disposal of medical science bodies which. 
1 
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are sharply characterized in a chemical sense, or, briefly stated, 
'Chemical units; for only such substances as are at all times ac- 
cessible and complete in their identity can afford a sure founda^ 
tion for scientific medicine and pharmacy. In this direction 
lies the aim of the future. 

Medicinal agents of this kind are outside of the sphere of 
pharmacognosy. By general concurrence in pharmaceutical 
circles, there are assigned to it those substances which are di- 
rectly furnished by nature, or at least such as have not actually 
been submitted to chemical processes. Since the few crude medi- 
cinal substances from the mineral kingdom which were em- 
ployed in former times have long ago lost their significance, the 
scientific knowledge which pharmacognosy has to offer is con- 
fined to organic nature, or virtually only to the vegetable king- 
dom; for even among the animals, and the parts and products 
of animals, only castor , musky and cantharides represent at the 
present time important elements as medicinal agents. In the 
cantharides cantharidin alone is of importance, which now 
stands at the disposal of medical science in a pure form. Phar- 
maceutical interest in the beetle itself is therefore diminished in 
:a similar manner as it is, at least from this standpoint, in the 
animals which afford cod-liver oil, honey, isinglass, and milk- 
sugar. 

The wonderful development of the natural sciences and of 
medicine, which exerts s6 great an influence, especially 
isince the second decade of the present century, has liberated 
pharmacognosy of an enormous burden. In a pharmaceutical 
work which was first published at Ulm in the year 1641, under 
th^ title " Pharmacopoeia medico-chymica seu Thesaurus phar- 
macologicus,^^ by the city physician Johann Christian Schroder, 
of Frankfurt-on-the-Main, and which in its time was much 
Talued, the author also enumerated the "simplicia^* then em- 
ployed. Among these there were about thirty minerals, and 
more than one hundred and fifty medicinal substances derived 
from the animal kingdom or representing entire animals, to- 
gether with a very large number of roots, herbs, leaves, etc. 
Such a superfluity of medicinal agents, with all of which it was 
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impossible to become accurately acquainted, characterizes the 
medicine and pharmacy of the European middle ages * and the 
condition of popular medicine still existing among the Asiatic 
nations. 

The primary object of modern pharmacognosy is to scrutinize 
all the evidence offered by botany, zoology, and pharmacy re- 
garding the medicinal agents under consideration, to arrange 
this material in scientific form, and by an appropriate and com- 
prehensive representation to subject it to a closer examination. 
It is only by this means that pharmacognosy assumes the form 
of a branch of knowledge which is of equal importance to both 
pharmacy and medicine. Upon a thorough acquaintance with 
medicinal substances, and their proper treatment, the practical 
success of pharmacy is largely dependent, so that a deeper study 
of the science of pharmacognosy may reasonably be expected of 
the pharmacist. He will therefore confer honor upon himself 
and his profession if he advances somewhat farther even than is 
unavoidably required by his immediate interests. It is, how- 
ever, scarcely possible to sharply define the boundary between 
the daily round of duties and scientific studies, and, indeed, this 
is not only impracticable, but even undesirable. 

Pharmacognosy should therefore comprehend, to a certain 
degree, all that pertains to a monographic knowledge of medi- 
cinal substances.* The consideration of these substances from 
the above-outlined standpoint of natural science is to be supple- 
mented by purely historical and geographical references, and 
such as are connected with the history of civilization, together 
with commercial relations. All this should be made to assume 
a rich, animated, and symmetrical form which, in many cases, 
may become quite attractive. Among this copious material, how- 
ever, those characters must be prominently pointed out which 
can lead to a rapid, approximate valuation, whenever it is 

» Compare "Die Frankfurter Liste" in Archiv der Pharm., 201 (1872), 
pp. 453-511, and " Das Nordlinger Inventar," ibid., 211 (1877), p. 97. 

' The aims of modern pharmacognosy have recently been thoroughly 
explained in the essay: ** Ueber die Bedeutung der Pharmacognosie als 
Wissenschaft, etc.," by A. Tschirch, Pharm. Zeitung, 1881, No. 9. 
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practicable to do this, without resorting to an actual chemical 
analysis. In an accurate knowledge of the nature of medicinal 
substances lies, indeed, the best protection against substitution 
and adulteration. 

The most important property of medicinal substances, how- 
ever, is their medicinal action, yet this must remain excluded 
from pharmacognostical consideration, for it has become the 
subject of an independent scientific discipline, viz., pharma- 
cology. From apparent practical reasons it will, indeed, occa- 
sionally be found advisable, especially in the case of particularly 
interesting substances, to at least allude to their therapeutic 
action. That these two domains present many points of contact, 
and that pharmacology receives especial support from scientific 
pharmacognosy, in fact, that it presupposes a knowledge of the 
latter, is clearly evident. In England, Prance, and other coun- 
tries, the two expressions. Pharmacology, which treats of the 
therapeutic action of medicinal substances, and Pharmacognosy , 
which comprehends a scientific knowledge of the substances 
themselves, are occasionally employed in a sense different from 
that which has just been indicated. It must be admitted that 
the tenor of the two words expresses no sharp distinction. * 

With regard to the chemical side of pharmacognosy, it is 

necessary to restrict it within certain limits. It is doubtless 

quite as appropriate that the properly isolated constituents of 

drugs should be enumerated and characterized, as that it should 

be stated, or at least intimated, where material deficiencies occur 

in this direction, which it is desirable to supply. An exhaustive 

treatment of the chemical constituents, however, falls within 

the domain of chemistry, or pharmaceutical chemistry. 

^ Schmiedeberg, in his ** Grundriss der Arzneimittellehre/' Leipzig, 
1883, says: **The science which treats of medicinal substances (Arznei- 
mittellehre) has only to do with such agents as are useful in the curing 
of disease. It is, therefore, desirable that all substances which do not 
serve as food, and which, through their chemical properties, produce 
changes in the living animal organism, should, in order to investigate 
these effects, be brought within the borders of a single science, which 
may be called Pharmacology y or, since it is chiefly supported by experi- 
ment, Experimental Pharmacology,^' 
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Accordingly, the aim and position of pharmacognosy appear 
definitely outlined when, beside the questions which it has 
to answer, the boundaries are also drawn beyond which it 
should not pass. It , is thus to be understood, when on page 
3, with a less exact expression, mention was made of a " certain 
degree '' of completeness. 

In the fostering of pharmacognosy, botanists and physicians in 
former times have rendered service, aided, indeed, occasionally 
hy apothecaries. * The most brilliant of such services on the 
part of physicians was brought to a close by the publication in 
London, 1839 and 1840, of ''The Elements of Materia Medica 
and Therapeutics'^ by Jonathan Pereira; for, in the mean time, 
the separate and more thorough treatment of pharmacognosy in 
the previously explained direction had been taken in hand by 
.pharmacists, and at the earliest period, and with by far the 
greatest success, by Guibourt, the former teacher of this branch 
of science at the Ecole de Pharmacie in Paris." Similar, though 
less prominent results were accomplished in Germany by 
Johann Bartholomaeus Trommsdorlf, of Erfurt, through his 
''Handbuch der pharmaceutischeu Waarenkunde,'* Gotha, 1822, 
and particularly, also, by Theodor Wilhelm Christian Martins. 
In his ''Grundriss der Pharraakognosie des Pflanzenreiches,'* 
Erlangen, 1822, Martins says that pharmacognosy is to be re- 
garded as " a part of general materia medica, or that science which 
relates to the examination of the medicinal substances derived 
from the three kingdoms of nature with a view to ascertain 
their source and quality, to test them for their purity, and to 

1 Examples ia FlGckiger's " Pharaiakognosie," 2d edition, p. 1,013 
(Pires); p. 992 (MorgaD); p. 209 (Bansa). 

* As precursors of Guibourt may be mentioned Nicholas Ijemery, 
author of the ** Traite universel des Drogues et Simples,'' 1697, and 
Etienne Frangois Geoff roy, whose '*Tractatu3 de Materia Medica "ap- 
peared in 1741. These two Parisian apothecaries were, however, more 
properly recognized as physicians. The **Histoire generate des 
Drogues," 1694; which is likewise to some extent worthy of considera- 
tion, has as its author the druggist Pierre Pomet. The three above- 
named publications demonstrate how much pharmacognosy was at that 
time indebted to Paris. 
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determine substitutions and adulterations/^ In the year 1825, 
Martins began to deliver lectures on pharmacognosy at the 
TIniversity of Erlangen, which were the first, as it appears, that 
were announced under this name. The credit of having aided 
in securing general approbation for the new expression pharma- 
cognosy * is due to the writings and lectures of Wiggers (see 
below). 

The question, however, now arises: what is a medicinal sub- 
stance ? To attempt to give a more precise definition is useless, 
for this term has been undergoing a continuous change in the 
course of time and in the light of advancing knowledge, not 
only from the period of antiquity, but also from country to 
country, and, indeed, from one medical school to another, from 
one pharmacopoeia to another. We are compelled here to assume, 
as it were, an intermediate standpoint, and to select those sub- 
stances of importance which are employed within the circle of 
observation available to us. That which has already been con- 
signed to oblivion, or is only very rarely employed, and especially 
that which is no longer used by scientific medicine, deserves less 
attention than new drugs which may be presumed to have a 
valuable future. From a pharmaceutical standpoint, however, 
considerable interest may still be attached to many substances 
even though they find but little medicinal application at the 
present time. With regard to Nux vomica, Sanfonica, Radix 
BelladonncB, OallcBy and Podophyllum, by way of example, a 
scientifically educated pharmacist will desire to be satisfactorily 
informed, even when these crude substances shall have become 
banished from medicinal use to a much greater extent than is 
at present the case. In proportion as strychnine, santonin, 
atropine, etc., become of greater importance in their medicinal, 
or forensic and technical relations, a corresponding attention 
should be paid to their derivation. 'SQiVner pepper , nor piperine 

^ It occurs also as the principal title: ^' Pharmakognostiche Tabel- 
len *' in the fifth edition of Joh. Christ. Ebermaier's ** Tabellarische 
Uebersichten der Kennzeichen der Aechtheit und Gtite, etc., der 
Arzneimittel," Leipzig, 1827. The first edition of this work appeared in 
1804, but whether under the above title is not known to us. 
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or piperidine play an important part in modern medicine^ 
although the former constituted for centuries the most important 
of all spices^ and still maintains^ as a condiment^ a prominent. po- 
sition in the world^s commerce. Pharmacognosy would not 
completely fulfil its mission if such circumstances were not taken 
into consideration; and a similar statement might be made 
regarding cacao, tea, coffee, coca, cola, guarana, and mate. 

Important medicinal substances become more clearly intelli- 
gible when they are compared with others which may in them- 
selves be insignificant; and herein also lies both a demand and a 
justification for pharmacognosy to occasionally extend its do- 
main in an apparently unnecessary manner. Thus the so-called 
spurious Cinchona harJcs for a long time presented only subordi- 
nate interest, but the consideration of their structure was 
admirably adapted for the demonstration of the varying peculi- 
arities of those barks which alone furnished quinine and the 
allied alkaloids until the Cinchona cuprea appeared in the mar- 
ket (since 1880), and proved that these bases are by no means 
confined to the trite Cinchona harks. 

Hence there are various considerations which are liable to 
extend the compass of pharmacognosy. On the other hand, there 
are cases where substances which apparently belong here may be 
permitted to remain unconsidered. This may occur in such 
cases, for instance, where chemistry alone is capable of affording 
an exhaustive characterization. In the fats, wax, volatile oils, 
and the several varieties of sugar, the purely chemical properties 
are of such eminent importance that pharmacognosy can only in 
exceptional cases find motives to complete their characteristics in 
other directions. This task must be relegated to those depart- 
ments which concern themselves with the chemico-technical or 
commercial knowledge of such products, for even the latter has. 
for some years past likewise experienced the most substantial 
advancement.* The latter has been materially aided by the 

* See Wiesner, ** Die Rohstoffe des Pflanzenreiches," Leipzig, 1873, and 
the collective work begua in 1882 by Benedikt and eight associates, 
'' Allgemeine Waaren- und Rohstofflehre," Cassel and Berlin, Fischer. 
The fifth volume represents '* Die Nahrungs- und Genussmittel aus dem 
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earlier development of pharmacognosy, while, inversely, pharma- 
cognosy receives at the present time many impulses from com- 
mercial relations, as an example of which may be quoted the fact 
that it has to derive statistical and other information relating to 
important drugs from consular reports. An abundant supply 
of such information is especially offered in the semi-annual re- 
ports of the firm of Gehe & Co., of Dresden, which may regu- 
larly be obtained from the booksellers. 

Only such things fall within the sphere of pharmacognostical 
consideration as cannot, for our purpose, be sufficiently investi- 
gated by a single science. With regard to many leaves, flowers, 
seeds, ^nd fruits, it may indeed be contended that botany is 
capable of affording a sufiBcient description ; it is, however, 
readily to be observed that pharmaceutical requirements demand 
the consideration of other than purely botanical properties. The 
changes which occur on drying, chemical qualities, commercial 
relations, and historical facts are all equally worth knowing, 
and call forth the discriminating and classifying ability of phar- 
macognosy. 

It must, however, be admitted that the limitation and treat- 
ment of objects of pharmacognostical study are rather arbitrary. 
Pharmacognosy is by no means a branch of knowledge with 
;sharply defined boundaries, and herein, in fact, lies the nature, 
and probably also a special charm of the science, that it enlists the 
aid of several disciplines for the single purpose of acquiring a 
more thorough knowledge of the crude substances employed as 
medicinal agents, or of parts of plants or products which are 
otherwise important from the standpoint of pharmacy. 

Pflanzenreich," by T. F. Hanausek, 1884, pp. 485. With one hundred 
woodcuts. 



TREATMENT OF THE SUBJECT-MATTER. 

In most cases, the following points prominently present them- 
selves: 

I. Naming the plant (or the animal) from which the sub- 
stance is derived. 

Here it happens not infrequently that a consideration of the 
synonyms is indispensable in order to avoid misunderstanding; 
for if we revert no farther back than to the time of Linn§, we 
sometimes meet with plants which, since then, have been 
variously named by botanists. Thus, for instance, Hage7iia 
ahyssinica^ iWdiQnow (1790), BanJcesia abyssinica Brnce (1799), 
and Brayera anthelmintica Kunth (1824), designate the tree 
which furnishes us the Jcoosso, Linne, in 1737, represented the 
clove tree under the name of Caryophylhis aromalicus, but Thun- 
berg, in 1788, named it Eugenia caryophyllata, properly at- 
taching it to the genus Eugenia, which had existed since the 
year 1729. Many examples of this character are to be found in 
the families of the Umbelliferae, Compositae, and Labiatae. 
Since the end of the preceding century, the mother-plant of the 
calumha root has received half a dozen, and the sahadilla plant 
four names. On the other hand, the same name has occasion- 
ally been bestowed upon different plants. Thus Linn6^s Croton 
Cascarilla is a different shrub from that so named by Bennett, 
and the Croton Eluteria of the latter, which furnishes the 
cascariUa bark, is not the same tree as that intended by Swartz 
under the same name. A similar condition exists with refer- 
ence to Cassia lanceolata, under which name Nectoux under- 
stood the present Cassia acutifolia, Delile, Wight, and Arnott 
the C, angustifolia of Vahl, while ForskaFs C. lanceolata is 
identical with C 8ophera L. Pliny had already made a dis- 
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tinctioQ between the Norway Spruce Fir^^ PioeOy and the 
Silver -PVr,' Abies; but*Linn6, in 1753, transferred the name 
Finns Abies to the first-mentioned, which, in 1771, was again 
reversed by Duroi. The tree which furnishes Jcamala has re- 
ceived in the course of time the following names: Croton philip- 
pense Lamarck (1786), Echinus philippensis Loureiro (1790), 
Rottlera tiyictoria Roxburgh (1798), Mallotus philippinensis 
Miiller Argov. (1862), and Echinus philippinensis Baillon 
(1866). 

Of some few drugs the mother-plants have not yet been ascer- 
tained with perfect certainty. For example, we do not know 
precisely whether Rheum officinale Baillon furnishes most or all 
of the commercial Radix Rhei. Equally unsatisfactory is our 
knowledge of the plants which afford asafcetida, sarsaparilla, 
olibanu?n, elemi, copaiva balsam, galbanum, ignatia seeds, and 
Levant soap-root. The origin of tragacanth, of Asiatic salep, 
and of condurango bark has also not yet been determined with 
sufficient accuracy. 

II. tieographical distribation of those plants which are of 
importance in pharmacy. 

However little of striking significance this subject may pre- 
sent from a practical point of view, it highly merits consideration 
in a scientific treatment of the topic. The representation of 
a pharmaceutically important plant is only then truly satisfac- 
tory when we are also informed regarding its habitat or the^ 
extent of its cultivation. The sources from which this knowl- 
edge is to be obtained are, in the first place, the floras of indi- 
vidual countries, works on plant geography,* and narratives of 
travel. Since many officinal plants are among those that have been 
longest employed by man, or are distributed over large tracts of 
territory, or are at least generally known, they find incidental con- 

^ Fichte or Rothtanne of the Germans. 

' Weisatanne or Edeltanne of the Germans. 

' A. De Candolle : ** Geographie botanique raiaonnee," 1855, also ** Ori- 
gine des Plantes cultivees/* 1883. Grisebach : ** Die Vegetation der 
Erde nach ihrer klimatisirhen Anordnung," 1872, — second edition, two 
vols., 1884. 
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sideration in the comprehensive works just mentioned. From 
a narrower, pharmaceutical standpoint, an ilhi strati ve represen- 
tation of the distribution of officinal plants throughout the 
world has been undertaken by inscribing them upon a plani- 
sphere.* A survey of the respective plants is thus obtained, 
which, however, as may readily be conceived, has nothing to do 
with plant geography. The distribution or, more properly 
speaking, the selection of these plants can, at most, only in so 
far be considered as having taken place in a normal manner, aa 
it goes hand in hand with the course of civilization. India, 
Persia, and the Mediterranean region, the primeval seats of 
civilization, have, therefore, the preponderating number of 
officinal plants to exhibit, Australia not a single one; the entire, 
enormous Arctic region perhaps only Polyporiis officinalis and 
Laminariay to which, if desired, Cetraria islandica might be 
added. A further objection to the graphic representation of the 
distribution of officinal plants may also be found in this, that 
the districts of production are mostly much more confined than 
the geographic area of the plants, because so many drugs, on 
account of their limited use, can play no considerable part in 
the wholesale trade. Cetraria islandica, for instance, is col- 
lected for the drug trade in the mountains of Central Europe 
and the Alps, and not in the far North. Finally, the distribu- 
tion of useful plants is also dependent upon certain influences of 
cultivation. 

* Barber: **The Pharmaceutical or Medico-botanical Map of the 
World," London, 1868. The same map is offered also by Fristedt, 
**Pharmakognostik Charta 6fver jordea," Upsala, 1870, as likewise in 
the appendix to his ** Larobok i organisk Pharmacologi," Upsala, 1873. 
The map projected by Schelenz, in Archiv der Pharm., Band 208 (1876), 
suffers from being on altogether too small a scale, although it considers 
only the plants of the Pharmacopoea Germauica. This fault is avoided 
by Oudemans in his ^'Handleiding tot de Pharmacognosie," Amster- 
dam, 1880, since he dedicates a special map to each of the five divisions 
of the earth. If it is desired to go still further, then the distribution of 
each individual plant must be brought upon a special map. This has, 
for instance, already been accomplished by Lloyd for Hydrastis cana- 
densis in his ** Drugs and Medicines of North America," Vol. I., No. 8, 
p. 82 ; also in the Pharm. Rundschau, New York, p. 237. 
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III. Cultiyation of officinal plants for medicinal purposes, or 
also for industrial applications. 

The Cinchonas of the East Indies, Jamaica, and other coun- 
tries; the poppy in Asia Minor, Bengal, and Malwa; the tobacco 
which is cultivated in all temperate and warm countries; the tea 
plant in Assam; the peppermint in Michigan; the cinnamon in 
Southern China and on the island of Ceylon; the liquorice in 
Calabria, Spain, and Moravia; the various species of Citrus 
(agrumi) in the Mediterranean region, California, and the West 
Indies; the coca in Bolivia and Peru; and the cacao, extending 
from Mexico to Brazil, are examples of the transplantation and 
extensive cultivation of such useful plants, without mentioning 
at all the cotton plant, the Eucalyptus, the sugar-cane, and the 
sugar-beet. In a less extensive amount, Althcea, Angelica, Levis- 
ticum, fennel, and anise are cultivated in Thuringia, and cara- 
way near Halle; the latter two to a greater extent in Central 
Eussia. Furthermore, the manna-ash in Sicily; the rosem Kis- 
anlik on the Balkan Mountains and in Southern England; pep- 
permint in the same locality; and Lobelia in the State of New 
York. Finally the extended cultivation of odorous flowers, near 
Grasse in Provence,* which are, however, more largely employed 
in the art of perfumery. 

The English Government, through the prudent management 
of the large botanical gardens at Kew, near London, has pro- 
vided for the distribution of important useful plants in India 
and the Colonies. To these endeavors is due the establishment 
of the Cinchonas in India, while recently the same has been ac- 
complished with the calumba plant, ipecacuanha, jalap, and the 
trees which afford caoutchouc, gutta-percha, copaiva balsam, and 
cinnamon.^ The results are still to be awaited, as are likewise 
those of similar endeavors on the part of the State Depart- 
ment of the United States. 

IV. Collection and Preparation. — The section which fol- 

1 Fluckiger, Archiv der Pharm., 222 (1884), p. 468. 

* Compare Fltickiger, ** Ueber den chinesischen Zimmt," in Arch, der 
Pharm., 220 (1882), p. 835. Further, Brockmeier, ** Ueber den Einfluss 
der englischen Weltherrsohaf t auf die Verbreitung wichtiger Cultur- 
£ew§,chse, namentlich in Indien." Dissertation, Marburg, 1884, pp. 56. 
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« 

lows later on (p. 139), relating to the liquid contents of the 
plant cell, shows how great are the changes produced in the 
plant, simply through the process of drying. It is evident that 
these changes have hitherto not been, by far, suflBciently consid- 
ered.* They may often be surmised through changes in odor, 
as, for instance, in the case of coriander, the underground por- 
tions of Orchis (salep). Iris {orris root), Verairtim and Aconi- 
turn. Occasionally the drugs assume, upon drying, other col- 
ors. 

It is of special importance to determine accurately the proper 
time of collection of each plant, or of its oflScinal parts; for 
during the life of a plant it does not at all times contain the 
active principles in equal amount — indeed, in many plants, cer- 
tain constituents are, at some periods, entirely wanting. The 
time of collection is to be so chosen that the maximum amount 
of the desired substances is obtained. Quite independent, how- 
ever, of the impossibility of insuring this by watching the 
collectors, it must also be admitted that our scientific knowledge 
of these conditions is still altogether too fragmentary. In 
the case of Folia Digitalis, Folia Hyoscyami, Fructus Gonii, 
Tuber Colchici, Rhizoma Filicis, and some few other crude 
vegetable substances, we are, however, in this respect well 
informed. 

Digitalis leaves are weaker in active constituents before the 
period of flowering than afterward, consequently the leaves of 
the first year are to be entirely rejected. In the case of Hyos- 
cyamus, the leaves of the second yearns growth are likewise 
preferred, at least in England. Schroff, in 1870, showed, that 
Fructus Conii contains the largest amount of coniine immedi- 
ately before the period of ripening. To the same investigator 
we are indebted for the proof that Tuber Colchici is only active 
at the flowering period of the plant. Rhizoma Filicis, according 
to all experience, should only be collected in late summer. The 
absolute age of the respective parts also comes often into con- 
sideration. Thus Radix Belladonnm of the second or third year 

* Experiments worthy of notice relating to this subject have 
already been made by Schoonbrodt. See Jahresbericht der Pharm., 1869, 
p. 20. 
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is richer in atropine than that of seven years^ or still older 
:growth, which is probably chiefly caused by the fact that this 
alkaloid is mainly contained in the bark, and in older roots the 
latter is relatively less in amount than in younger; the constitu- 
ents of belladonna leaves are not so variable in amount/ The 
fact that many fruits and seeds before ripening contain starch, 
and afterwards more sugar, oil, and other substances, will be 
explained further on when we shall consider the subject of 
-amylum. In the juice of Ecballium Elaterhlm Richard, elate- 
rin occurs abundantly in July, but in September this powerfully 
drastic, crystallizable body is wanting therein.' Pepper, cubebs, 
and cloves are richer in volatile oil before ripening; the Cinchona 
harks may occasionally be poor in quinine, or even contain none 
^t all. 

It is self-evident that the quality of the soil must also have 
some influence upon the chemical development of the plant. 
Valerian root grown in dry localities is richer in volatile oil 
than that in moist ground, and in the case of Taraxacum, the 
root, from a chemical point of view, shows great variations, ac- 
cording to locality and the time of year. The red Flores Mal- 
vcB become blue, and gentian root, which in the interior is purely 
white, becomes colored yellowish-brown, unless the water is 
abstracted from it with the most extreme care. Flores Rhoea- 
dos do not even then retain their color, while, on the other hand, 
the remarkable brown coloration of Flores Verbasci may easily 
be avoided. The Cinchona barks also assume, during the pro- 
cess of drying, another color.* 

Still other changes occur when the drugs are scalded, or are 

1 Lefort, Journ. de Pharm. et de Chira., XV. (1872), pp. 268, 421; 
Gerrard, Pharm. Journ., XV. (18«4), p. 153. Compare further, Dragen- 
dorff, "Chemische Werthbestimmung stark wirkender Droguen," 
St. Petei-sburg, 1874. 

« Kohler in Buchner's Repertorium der Pharm., XVIII. (1869), p. 590. 

' Tbe changes which the green coloring-matter' of plants undergo 
upon drying, and the ways and means to be resorted to in order to re- 
duce these changes to the smallest compass, have been thoroughly eluci- 
dated by Tschirch: *' Einige practische Ergebnisse meiner Untersuchun- 
gen iiber das Chlorophyll der Pflanzen," in Archiv der Pharm., 222 
<1884). 
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•dried over an open fire, as with salep, jalap, curcuma, and many 
Indian aconite tubers. This treatment manifests itself particu- 
larly by the starch assuming a pasty form. The leaves of tea 
And mate, which are exposed to a light roasting process, suffer 
still more significant chemical changes. 

Marshmallow root, rhubarb, calamus, ginger, and pepper 
(white) are pared, in order to give them a better appearance, 
which, however, in the' three latter cases is partly effected at 
the expense of the volatile oil. As a judicious form of treat- 
ment, on the contrary, is to be designated the so-called sweat- 
ing process of the cacao; the slight fermentation which is 
thereby produced destroys a bitter principle. 

V. Commercial Relations.' — A very limited number of the 
medicinal substances coming under consideration here claim a 
position in the world's commerce, and play a conspicuous part 
therein. In this category, opium should be placed in the first 
line, although really only about that portion of it which does 
not find medicinal application, viz. : the East Indian. Of the 
.same rank are the Cinchona barks. Pepper, tea, cacao, tobacco, 
sugar, and matS, regarded as luxuries, and counted among the 
most important products, are scarcely to be considered as drugs, 
which is more truly the case with ginger. Such drugs as are 
also technically employed, are usually of much greater import- 
ance in the latter respect. Catechu, colophonium, dammar, 
dye-woods (logwood, Brazil-wood, etc.), galls, gum arable, gutta- 
percha, turpentine, etc., are employed, for example, in various 
industries in infinitely larger amounts than in pharmacy. Even 
for culinary purposes spices are much more largely employed 
than in pharmacy, notwithstanding the departure of modern 
taste from the former cu8tom,to strongly season articles of food. 

The most valuable information in this department, viz., sta- 
tistical records, are especially to be found in the voluminous 
publications (Blue-books) of the English Government, and, 
recently also, to an increasing extent, in those of the United 
States. Furthermore, in the German " Handels-Archiv,^^ 
and in official tables relating to the commerce of Prance and 
other countries. 
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VI. Description of the dru^ itself according to external 
characteristics, the odor and taste, and, in the case of liquids^ 
also the specific gravity. Drugs provided with organic struc 
ture present many more points of observation for their exami- 
nation and description. 

VIE. The determination of the parts which here come under 
consideration, according to their organological importance.- 
The general considerations relating to this subject are treated 
of in a subsequent morphological section. 

VIII. Microscopic structure of the drugs of organic con- 
struction. 

To this subject special sections of the present work are dedi- 
cated. Among those drags in which development does not 
proceed from the activity of cell formation in the organism, or 
is not regulated in accordance with morphological laws, there 
are some (as for example: Aloe, Balsamum tolutanum, Benzo- 
inum, Oatechu, Ohrysarohmum, Elemi, Opium, 8tyrax, and 
Terehinthina communis) which, nevertheless, with reference to 
their crystalline constituents, call for microscopic examination,, 
in the course of which polarized light renders essential service, 
because these crystals, on account of their double refraction, 
appear much more distinct utider the polarizing microscope 
than when observed in ordinary light. 

IX. Chemical constituents. — The enumeration and brief 
characterization of these principles essentially belongs to the 
functions of pharmacognosy. Under this heading are to be 
considered not only the principles peculiar to certain drugs, 
but also the more commonly distributed constituents of plants. 
Though their isolation and quantitative estimation forms the 
object of chemical analysis,* yet with the aid of mici'o-chemical 
reagents (see the concluding chapter of this book) it is possible 
to arrive in a short time at a series of valuable conclusions 
regarding individual constituents. This method of procedure 
especially affords information in many cases regarding the loca- 
tion of important constituents in the tissue. 

* G. Dragendorff : **Die qualitative und quantitative Analyse von 
Pflanzen und Pflanzentheilen." GSttingen, 1882 (see below, page 49). 
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X. Substitutions and Adulterations. — An acquaintance, 
based on the preceding considerations, with drugs possessing an 
organic structure at once affords the means for their examina- 
tion. When the structure of the respective substances has been 
rendered undiscernible in consequence of a fine degree of pul- 
yerization, the task is more difficult. In such cases, the aid of 
chemical analysis must especially be sought. This is rendered 
still more necessary when liquid drugs of variable composition 
are under consideration, as, for instance, Copaiva balsam, Peru 
halsaniy Storax, and Turpentine, 

XI. History, — The knowledge of medicinal substances 
would remain incomplete if their history did not also receive 
consideration. The investigation should extend to the time 
and place of first acquaintance with the mother-plant, to the 
time of the first medicinal employment of each single drug, and 
to its importance in the world's commerce. Outside of the very 
narrow domain of pharmacy, the relations of drugs to agricul- 
ture, to domestic economy, and to various industries, should 
also be permitted to be indicated, in order to illustrate the part 
played by them among existing commodities. 

A thorough historical representation of pharmacognosy in 
this sense is still wanting; the preparatory labors that have as 
yet been brought to light admit of the following preliminary 
survey,* 

1. The earliest application of the products of organic nature 
for medicinal purposes, as also for purposes of fumigation, re- 
fers to those countries where a higher intellectual life first 
became developed. In Egypt, numerous monuments of the 
earliest times have been preserved, which prove an acquaintance 
with a number of drugs at a very remote period of antiquity. 
Illustrative representations on temple walls, which originated in 
the seventeenth century b. c, inform us of Egyptian sea voyages 
to the provinces of northeastern Africa and Arabia, which were 
in part undertaken in order to procure gum arable, franhincense, 

^ For appropriate descriptions we are also indebted to Schar, *' Die 
JItesten Heilmittel aus dem Orient.'' Schaffhausen, 1877, pp. 24, and 
** Aus der Geschichte der Gifte." Basel, 1883, pp. 48. 
2 
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and myrrh. It is, indeed, possible that through these primeval 
trade relations spices and medicinal substances found their way 
to Egypt* even from southern and eastern Asia. In the 
inscriptions of temples/ and in the rolls of papyrus, frequent 
reference is made to such things, the correct interpretation of 
which is still in part uncertain; only a few of them have actually 
Deen brought to light from burial-vaults.^ Especially in the 
oft-recurring, but not corresponding recipes for KypM, a medi- 
cinal compound which served for manifold purposes, there occur 
a large number of drugs, as, for example, mastic, cardamom, 
curcuma, ladanum (resin of Cistus ladaniferus) and fenugreek.* 
It will only be after a still more extended investigation of 
Egyptian antiquities that the extent of the knowledge in ques- 
tion among the ancient Egyptians can be established. Through 
their highly developed knowledge of agriculture they also 
engaged in the cultivation of several of the plants which here 
come under consideration, as, for example, coriander, fenugreek,, 
flax, poppy, ricinus, and sesame.* 

' Dtlmichen, ** Die Flotte einer Sgyptischen K6nigin," 1868, and 
** Historische Inschriften," 1869. Mariette-Bey, ** Deir-el-Bahari,"^ 
1877. Fltickiger, '* Pharmakognosie," second edition, pp. 6, 35, 41, 660, 
935. Schumann, '"Zimmtl&nder," Gotha, 1884 (Supplement No. 73 to- 
Petermann's Mittheilungen). 

' DUlmichen, " Das Saibdlrecept aus dem Laboratorium des Edfu- 
Tempels." Zeitschr. f&r figypt. Spracheund Alterthumskunde, Decem- 
ber, 1879. 

' Braun (Ascherson and Magnus), '* Ueber die im Museum zu Berlin 
aufbewahrten Pflanzenreste aus alt&gyptischen Gr&bem." Zeitschrift 
ftir Ethnologic, IX., Berlin, 1877, pp. 289 to 310, and Schweinfurth, 
*^ Ueber Pflanzenreste aus alt&gyptischen Gr&bem." Ber. d. deutsch.. 
botan. Ges., III. (1884), p, 351. 

^ Lepsius, in the Zeitschr. fflr agypt. Sprache und Alterthumskunde,. 
October, 1874, p. 106: " Kyphirecept aus dem Papyrus Ebers." 

* Compare further Thaer, " Die altagyptische Landwirthschaft,"^ 
Berlin, Parey, 18S1, 4to, pp. 36, with six plates. Unger, '^Botanische 
Streifzfige auf dem Gebiete der Culturgeschichte." Sitzungsberichte 
der Wiener Akademie, 1857 to 1859, especially in volume 45, '* Inhalt 
eines ftgyptischen Ziegels an organischen Korpern," and volume 64 
(1866): ''Ein Ziegel der Dashurpyramide in Aegypten nach seinem 
Inhalt an organischen Einschltbssen.*' Schweinfurth, <* Blumen- 
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2. The industrious trading nation of the Phoenicians/ and 
through them probably the Israelites, were as well acquainted as 
the Egyptians with the above-mentioned drugs, to which from 
the Old Testament Scriptures may still be added, aloes, cinna- 
mon", coriander, saffron, ginger, olive-oil, sugar, and pepper,^' 
In their religious ceremonies these people evidently employed! 
aromatic substances in large amount. Drugs which at that time 
were exceedingly highly prized, but which for a long time past, 
have become completely obsolete, were Radix Costi * and the- 
Aloeswood of Aquilaria Agallocha, Eoxburgh.* The high es- 
teem with which these two aromatic substances were regardecJ 
from that time until the eighteenth century is scarcely intelligi-^ 
ble to us: and in India and China it still continues undiminished. 

3. The Chinese were also, without doubt, at a very early 
period, familiar with the medicinal substances which were native^ 
to that country, as, for instance, with camphor, with remedies; 
from their animal world, and with such from the mineral king- 
dom. Since cinnamon was certainly exported in the earliest 
times, it may be presumed that foreign drugs were probably at 
that time also imported into China. The respective ancient lit- 
erature of this country, however, has still been too little scruti- 
nized to afford reliable information regarding these conditions. 

schmuck agyptischer Mumien," Gartenlaube, Leipzig, 1884, 628 and toe. 
dt, (note 3). [Also, particularly, Woenig, *' Die Pflanzen im alten 
Aegypten," Leipzig, 1886. F. B. P.] 
1 Fluckiger, **Pharmakognosie," pp. 119, 120, 560. 

* The plants mentioned in the Bible have led to widely-extended dis- 
cussions. It is sufficient here to name the following modern writings 
relating to the subject: Cultrera, ** Flora biblica ovvero spiegazione delle 
plan te men zionate nella S. Scrittura," Palermo, 1861; Ursinus, ** Arbore- 
tum bibl. c. contin. hist, plant, bibl.," November, 1865; Duschak, ** Zur 
Botanikdes Talmud." Pest, 1871; Hamilton, ** Botanique de la Bible,*' 
Nice, 1872; Smith, ** Bible Plants, their History, a Review of the Opin- 
ions of Various Writers regarding their Identifications," London, 1878; 
Wilson, " The Botany of Three Historical Records (Genesis, New Testa- 
ment, Assise of Weight and Measure)," Edinburgh, 1879; Fillion,* 'Atlas 
d'Histoire naturelle de la Bible," Paris, 1885, 4to, pp. 116, 112 plates. 

* Fluckiger, **Pharmakognosie," pp. 444, 906. Dymock, "Materia. 
Medica of Western India," 1884, p. 872. 

* Fliickiger, loc, dt, 195. 
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So much is certain, however, that the principal work of the 
Chinese, the herbal Fen t'sao kang mu, which is, indeed of a 
much later date, is based in part upon very much older sources/ 
The highly developed condition of popular medicine of this 
people,' which adheres so tenaciously to primeval customs, refers 
to a period of very remote antiquity. For information relating 
to many of the pharmaceutically important plants of China, 
pharmacognosy is indebted to the great* Venetian traveller, 
Marco Polo (toward the close of the thirteenth century), as 
also in the eighteenth century to the missions of the Jesuits in 
vChina." 

That an early acquaintance with medicinal plants and 
drugs existed in Japan has not yet been proved, but it may cer- 
tainly be assumed, for instance, as regards menthol, " Hakka/' 

4. As to how far this is the case with regard to India has like- 
wise not been established. Sanskrit literature possesses in 
** Susruta '' and ^' Charaka " information relating to medicinal 
substances, which are probably in part of more ancient origin; 
but recent investigation assigns to these writings a much less 
a,ncient date.* The extent of the pharmacognostical knowledge 
of Indian antiquity therefore requires more exact investigation; ' 
the application in India of many medicinal substances and pro- 
ducts of the vegetable kingdom adapted to fumigation, such as 
twhite sandal-wood, camphor, cinnamon, and cardamon may cer- 

* Fltlckiger, loc, dt,, p. 1012. 

« Hanbury, ** Science Papers," 1876, 211 to 272. Fltickiger, Archiv der 
Fharmacie, 214 (1879), p. 9. 

* The activity of this order deserves further mention in connec- 
tion with the history of some other drugs, as, for instance, the cinchona 
•barkSt ginseng root, maU, and ignatia seeds. The sassafras tree appears 
to have been brought by Jesuits from Canada to France; the earliest in- 
formation regarding the tape- worm remedy koosso probably likew^ise 
originated from a member of this order. In Rome, Manila, Paris, and 
^outh America they maintained pharmacies, which were probably ai- 
rways coi^ducted by Jesuit friars. 

* Compare Fltickiger, " Pharmakognosie," j). 1020. 

'^ Only a few points of guidance in this direction have as yet been 
offered by Lassen's *' Indische Alterthumskunde," Bonn, 1847-1852. 
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tainly be traced to a very remote period. It may be presumed 
that musk has also been in use there for a very long time. 

5. The centuries representing the flowering period of Greek 
and Roman civilization considerably increased the number 
of medicinal substances, not only through such as were obtained 
from the region of the Mediterranean, but also through others 
of Oriental origin. Among these are especially: Amygdalm 
dulceSy Bulhus ScillcB, CantharideSy CariccB, Castoreum, Cortex 
Oranati,^ Euphorhium, Fructus Anisi, Fructus Cardamomiy^ 
Fructus Fceniculi, Fungus Laricis, OallcB, Herha SabincB, 
Indigo, MasHche, ' Opium,^ Piper longum, Radix Glycyr- 
rhizcB, Radix Rhei {?), Rhizoma Filicis, Rhizoma Iridis, 
Sandaraca, Scammoniu7n, Semen Fmni grceci,^ Seme7i Lini, 
Semen Sinapis, Succinum, Siliqua dulcis, Succus OlycyrrhizcB,. 
Terehlnthina and Tragacantha, 

That the number of plants employed in classical antiquity 
was very considerable is shown particularly in the writings of 
Dioscorides and Pliny," to which the following centuries until 
the close of the European middle ages continually refer, and 
indeed, almost without any advancement, on their own part, of 
the existing knowledge. Many plants of the Italian flora which 
are employed medicinally have often been thoroughly considered 
by Boman writers on agriculture, namely, by Cato, Columella,. 
Palladius and Varro. Columella • (in the years 35 to 65 a.d.} 
had also made observations in Spain and Syria. The principal 
contents of their writings, so far as they come into consideration 
here, are to be found compiled in a very complete and systemati- 
cally arranged form in Magerstedt^s ^^ Bilder aus der romischen 
Landwirthschaft.^' * Hehn also, though with much more spirit 

' These might have perhaps also been quoted under division 2, page 19. 

* To the editions of Pliny mentioned in FlGckiger's ** Pharmakognosie/" 
pp. 997 and 1,014, the new translation by Wittstein may be added. 

*Fltickiger, loc.cit,^ p. 991, etc. Compare also, Meyer, **Geschicht& 
der Botanik," Bd. I. and II., Konigsberg, 1854, 1855. 

* Heft IV., Sondershausen, 1861 : ** Die Obstbaumzucht der Romer;"" 
Heft V. (1862): " Der Feld-, Garten- und Gemftsebau der Romer:" VI.,. 
(1863): "Die Bienenzucht und die Bienenpflanzen der R6mer." The 
author does not enter upon the consideration of the significance of the 
plant names. 
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and taste, incidentally touches upon this subject in his publica- 
tion: ^^ Kulturpflanzen and Hausthiere in ihrem Uebergang 
BUS Asien nach Europa/^ Berlin, 4th edition, 1882. A very 
remarkable light is thrown upon the intercourse of the Occident 
with the Orient through the Periplus of the Erythrcean {Red) 
JSea. This survey of the coast of the East Asiatic-Indian Ocean, 
which was accomplished in the first century after Christ, enu- 
merates a number of the commodities * which were to be met 
with in those ports, and among these many of pharmaceutical 
interest, such as myrrh, Sanguis Draconis, Sty rax liquidus, 
sandal-wood, pepper, frankincefise, and saffron. , 

The continued importation of the Indian spices mentioned 
under division 2, page 19, is proved by a list dating from the 
jears 176 to 180 a.d. In this the commodities are enumerated 
which arrived from the Red Sea,' and which were subject to the 
Eoman duty at Alexandria. 

It is quite natural that even at that time the art of adultera- 
tion was also applied to drugs. A single sentence from Pliny 
is amply sufficient for the confirmation of this fact; for, when 
treating of saffron, the well-versed Eoman encyclopaedist em- 
ploys the expression: " adulteratur nihil aeque.'^* 

Even with regard to the relation of prices of some few drugs 
in those early times, Pliny has furnished us some information. 
Thus, for example, a pound of black pepper was estimated at 4, 
white pepper at 7, long pepper at 15, and indigo * (also named as 

* Enumerated in Meyer's "Geschichte der Botanik/* II. (1855), p. 85. 
Compare also, FItickiger, loc. cit., p. 1,013. 

« J6id., p. 985. 

« FlQckiger, loc. cit, p. 740. 

* Pliny, who in such matters was certainly quite inexperienced, must 
have had an attentive observer as a source for his statements here 
<•* Nat. Hist.," XXXV., 27; page 470 of the edition by Littre). After a 
£Ood description of indigo (indicum), heating of the same is recom- 
mended, in order to test the vapor and the peculiar odor: '*probatur 
carbone; reddit enim, quod sincer est, flammam excellentis purpuras et, 
dum fumat, odorem maris." 

When treating of verdigris, Pliny (XXXIV., 26) also resorted to a 
chemical reaction, in order to recognize in it an admixture with iron; 



HISTORY. 23 

a medicament) at 20 denarii. A larger number of prices is 
^iven in Diocletian^s ^^Edictum de pretiis rerum venalium/' of 
the year 301 a.d., which, indeed, applied more to articles of 
food and other indispensable necessaries of life than to spices 
and medicinal substances, and was also issued only for the eastern 
part of the Eoman empire, not for Europe/ The edict men- 
tions, among other things, almo7ids, hemp-seed, figs, fenugreek, 
linseed, olives, mustard, sesame seed, and grapes. 

6. During the decline of antique civilization the fostering of 
the sciences passed into the care of the Arabs, who also seized 
upon the medical traditions of antiquity, and were enabled to 
widely extend them, through their geographical position, from 
the highlands of Asia and India to Spain and northern Africa, 
:as also, through their frequent connections with India, occasion- 
ally to enlarge and expand the same. The most eminent repre- 
sentatives of Arabic medicine in the tenth and eleventh centu- 
ries, Alhervi, Avicenna, Mesne, Serapion, and others, enriched 
materia medica with some Asiatic drugs, such as tamarinds, 
nux vomica, cuhebs, senna leaves, rhubarb, camphor, and worm- 
^eed (?), and, through the introduction of formulas for medicinal 
preparations, exercised an exceedingly lasting influence upon 
pharmacy, even in the Occident. With regard to many drugs 
from distant lands, the Arabians at an early period received in- 
formation through travellers, or from historical and geographical 
authors,' such as Khurdadbah, Istachri, Masudi, Idrisi, and 
Ibn Batuta. Ibn Ala wan reported in the twelfth century upon 
the flourishing condition of agriculture among his people in 
Spain, from which also dates the cultivation of saffron, still 
continued there at the present day. The mast prolific informa- 
tion, however, cliiefly from earlier and often much older sources 
of Arabic literature, has been brought together by Ibn Baitar 
in his large encyclopaBdia of simple medicinal remedies and 

one should employ for this purpose paper soaked in nutgall — thus prob- 
ably the earliest application of test-paper I 

* Fluckiger, loc. cit., p. 997. Compare further, Burckhardt, "Die 
2eit Konstantins des Grossen." Leipzig, 1880, p. 62. 

« Fltickiger, loc. cit., p. 107, Note 10. 
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foods/ The critical examination and often very difficult inter- 
pretation of many statements relating to this subject contained 
in Arabic literature, which is constantly progressing, admits of 
the hope of some very remarkable revelations in this respect. 

A pharmaceutical manual of Aboul Mena, called Cohen el At- 
thar (Priest and Apothecary), who lived in the thirteenth century 
at Cairo, has not yet been printed.* 

7. In the far West, these antique recollections were likewise 
partly revived, at the same time in civil and ecclesiastical 
quarters. Thus the Emperor Charlemagne, through special 
edicts, issued in the year 812, ordered the cultivation, north of 
the Alps, of a series of long-known useful and medicinal plants, 
among which may be mentioned ;3 AlthcBa, Amygdalus, Amsum^ 
Coriandrurn, Cydonia, Fceniculum, Iris (Gladiolus), Levisti- 
cum, Mentha, Petroselinum, Rosmarinus, Ruta, Saiina, Salvia, 
and. Sinapis. It is worthy of note that the following useful 
plants, which are indigenous to Italy or generally cultivated 
there, are wanting in the '* Capitulare/^ or the principal one of 
those Imperial edicts, viz.: GlycyrrJiiza, Inula Helenium,. 
Lavandula, Punica Oranatum, and Thymus vulgaris. In the 
architectural plan of the convent of St. Gall, which was drawn 
in the year 820, but was not executed, the place which the 
medicinal plants were to occupy in the garden was designated, 
perhaps in compliance with the *' Capitulare.'^ * 

In the library of the University of Wiirzburg, Germany, a. 
recipe for a mixture of powders, ^^ contra omnes Febres et contra 
omnia venena et omnium Serpentium morsus et contra omnes 
angustias cordis et corporis,^' has been preserved which is perhapa 
a century older than the preceding. This curious manuscript 

^Fliickiger, loc. cit,, p. 1,003. 

* According to Leclerc, **Histoire de la m^decine arabe," II. (Paris^ 
1876), p. 215, it appears very worthy of notice. 

•The complete list is given by Pertz, ^'Monumenta GtermanisB his- 
torica," legum torn. I. (1835), p. 186, and also in Meyer's *'Gre8chichte 
der Botanik," III., p. 401. Compare further, Fiuokiger, loc, ciY., p.. 
1,005. 

*Jbic?., p. 688. 
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is probably one of the oldest monuments of popular medicine in 
Germany; in it are mentioned Pimpinella and Oalanga, both, to 
the best of our knowledge, for the first time. 

8, The determining influence upon the medicine and pharmacy 
of the middle ages proceeded from the medical school of Salerno. 
Its activity extended from the ninth century until the close of 
the middle ages, although the school itself was continued, at 
least in name, until November 29th, 1811, when it was sup- 
pressed by an order of Napoleon. To the medical practitioners 
who taught there, and in the not very remotely located Bene-^ 
dictine monastery of Monte Cassino, is due the credit of having 
transmitted the medical art of the Arabs. Thus the stock of 
esteemed remedies of the Occident was increased by a number 
of new medicinal substances, or at least such as were previously 
but slightly accessible. To these belong Ammoniacum,^ Asa- 
fmtida,^ Benzoinum, Camphor a, Caryophylli, Cinnamomum 
zeylanicu7n, Cortex Aurantiorum, Cortex Limonum, Cubebce 
(as a spice; first used medicinally since 1813), Folia (or prob- 
ably at first only SiliqucB) Senn^, Fructus Cocculi, Fructus 
ColocynthidiSy Galbanum,^ Herha Cannabis, Lignum Sandali, 
Mads, Moschiis, Radix Rhei, Resina Draconis, RKizoma Curcu- 
mcBy Rhizoma Oalangce, Rhizoma Zedoarim, Semen Myristicce, 
Semen Strychni, Styrax liquidtis, Tamarindi, and Salep, 

The writings of the most prominent Salernitans, namely those 
of Constantinus Africanus, Macer Floridus, Nicolaus Prsepo- 
situs, Platearius, Arnaldus de Villanova, and especially the 
** Kegimen sanitatis Salernitanum '' must be studied in order to 
obtain an insight into the science of medicine of the middle 
ages. A very complete enumeration of the Simplicia and Com- 
posita of that time is given by Eenzi in a list published under 
the name of Alphita, which is presumed to belong to the thir- 
teenth century.' 

^ Presumably known at an earlier period. 

' The history of the School of Salerno, which is not yet sufficiently 
elucidated, has been briefly but very appropriately described by Hander- 
son, in the publication mentioned in Fiiickiger's ** Pharmakognosie," 
p. 1,018. 
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9. While the erudition of southern Italy interested itself in 
the maintenance and extension of the sciences of the Orient, the 
commercial republics of Italy — Venice, Amalfi, Pisa, Florence, 
and Genoa — were enabled through their fleets to obtain from the 
far East and South such commodities as were required in medi- 
cine as well as for the more refined enjoyment of life and the 
improvements in handicraft. Venice, which was by far the 
strongest of these commercial states, began already in the 
eleventh century to develop the elements of its incomparable 
splendor, and to become the central point for the traffic in drugs. 
Up to the end of the sixteenth century there flowed into this 
city, in the greatest abundance, those spices which were sought 
with such extreme eagerness, but the value of which, in our time, 
lias become very greatly reduced. The greatest importance was 
attached to pepper, the commercial history of which vividly 
reflects this entire and exceedingly remarkable intercourse of 
nations, as, indeed, in the middle ages, pepper represented the 
symbol of the entire spice trade.* 

The Levant trade of Venice, which for those times was incom- 
parably large, also gave an impulse for the establishment, in that 
<5ity, of chemical industries, such as the manufacture of sal-am- 
moniac, corrosive sublimate, cinnabar, soap, and glass, together 
with the bleaching of wax and the refining of borax ( TinJcal, 
from Thibet) and of camphor. 

Through the shrewd participation of the Venetians in the 
crusades of the twelfth and thirteenth centuries, their commerce 
And influence attained the highest degree of prosperity. Even 
the continued warlike conflicts of the Occident with the Orient 
must have necessarily also contributed to the knowledge and dis- 
tribution of special medicinal substances in other parts of 
Europe. Many historians of that time, who visited Palestine, 

* The spice dealers ia various countries were known as Piperarii, 
Such a ** Gild of Pepperers " existed already in London in the year 1345, 
and the *' Society of Apothecaries" still existing there, which received 
its charter 'from James I., in the year 1617, properly dates back to 
those pepper dealers. Compare Pharm. Journ., XV. (1884), p. 367; also 
Fliickiger's **Pharmakognosie," p. 867. 
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described, with great clearness, for instance, the sugar-cane and 
sugar, while others made theaiselves acquainted with the agrumi 
(the fruits of species of Citrus), with licorice, dates, cotton, and 
cumin {Cuminum Cyminum),^ 

It was only subsequent to these voyages that stigar became a 
regular article of commerce, chiefly in the hands of the Venetians. 
The successful cultivation of saffron in England and France 
during the middle ages, and the culture of roses in the province 
of Champagne was started, or at least probably received a new 
impulse, through the crusaders. 

In Germany the great Benedictine monasteries, for instance, 
those of St. Gall and Fulda, formed the central points of intellec- 
tual culture, and likewise supported and distributed botanico- 
medical knowledge, even though they did not actually augment 
it. The first monastery of this in many respects highly meritoriou s 
order, which was founded by St. Benedict himself, in the year 
528, at Monte Cassino, northwest of Naples, and afterward be- 
came so greatly celebrated, stood in the eleventh century in 
close relation to the medical school of Salerno. This school was 
also of influence in determining the intellectual course of St. 
Hildegard, who, in the year 1148, became abbess of a convent of 
the Benedictine order, founded at her own instigation near 
Bingen on the Khine. To this personage is attributed, although 
not with absolute certainty, a work which is very remarkable 
from a pharmacognostical point of view: *^ Subtilitatum diver- 
sarum naturarum creaturarum libri novem,^^ and is presumed to 
have been written about the year 1178. By the enumeration of 
a number of indigenous plants, to which some prominent 
characteristic, or often also the German name,^ was occasionally 
added, the book of Hildegard, frequently designated as ^* Phy- 
.fiica,'^ reveals itself as a truly German production. Of incom- 

^ Compare the respective articles in the *' Pharmacographia " and in 
FlGckiger's " Pharmakognosie ; " also Meyer, **Ge8chichte der Bota- 
nik," IV., p. 110; Heyd, ''Levantehandel." II., p. 670. 

' Compare also Pritzel and Jessen, " Die deutschen Volksnamen der 
Pflanzen. Aus alien Mundarten and Zeiten zusammengestellt." Han- 
Jiover, 1882. 
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parably greater importance, however, is the Dominican monk,, 
known as Albertns Magnus, who fro,m the year 1260 to 1280 
was Bishop of Eegensburg (Ratisbon). In his books ^^De 
Vegetabilibus/' numerous medicinal plants and drugs have re- 
ceived for the most part very intelligent treatment, though this 
is largely based upon other sources of information, including 
Arabian. 

The history of indigenous, and probably also foreign medici- 
nal plants may be further pursued with the aid of the diction- 
aries and glossaries of the middle ages. Compilations of this 
kind * were also specially made use of in attempting, quite in 
accordance with mediaeval custom, to identify in the indi- 
genous flora plants of classical antiquity. From a mercantile 
point of view, very valuable information is afforded by the ordi- 
nances and lists of the departments of customs * of that time, as 
also especially by the trade-books of the Venetians and Floren- 
tines.' The extraordinary importance of the commercial inter- 
course with the East during the middle ages has finally been 
described in an exhaustive and captivating manner by Heyd,*' 
who not only represents the political and economical sides of 
the subject, but also gives detailed accounts of the most im- 
portant objects of that remarkable commercial era, namely: 
aloes, aloes-wood, ambergris, halm of Gilead, benzoin, Brazil- 
wood, camphor, cloves, frankincense, galanga, galls, ginger, 
indigo, kermes (a coloring insect afterwards supplanted by cochi- 
neal), lac, mace, musk, nutmegs, pearls (both as a medicament- 
and ornament), pepper, precious stones (quite a series of these 
were employed as medicinal agents), rhubarb, saffron, sandal- 
wood, and tragacanth. All that the civil and ecclesiastical 
travellers and historians of those centuries were able to report 
relating to these articles has been made use of in the proper- 
place by Heyd, in his careful examiuations. 

» Fiackiger, ** Pharmakognosie," pp. 107, 330, 642, 688, 713, 892. 898. 
« IUd„ pp. 781, 983. 
3J6id.,pp. 1,011, 1,012. 

^ '' Geschichte des Levantehandels im Mittelalter," 2 vols., Stuttgart^ 
1879. 
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The precious goods from India were obliged, as a rule, to take 
their way through the Ked Sea and through the domain of the 
Egyptian sultans, for which reason the Italian merchants of 
the middle ages were compelled to bestow the greatest attention 
upon their relations to those rulers. The ambassadors of the 
latter to the doges of Venice, to a Venetian queen of Cyprus, and 
to Lorenzo de^ Medici in Florence, brought rare drugs of the 
Orient to Europe, as, for instance., aloes-wood,^ civet, Mecca haU 
sam,'^ myrohalans,^ opium, and sugar, the latter of which was at 
that time, or in the second half of the fifteenth century, still a 
rare article. Thus in the year 1461 benzoin was brought for the 
first time to Venice.* 

It was only in case of necessity that the Italians permitted 
their goods from the Orient to take the much longer route 
through the Persian Gulf, or even through Central Asia to the 
Black Sea, instead of tli rough Egypt. 

The intercourse with the Levant consisted quite especially in 
the importation of numerous Asiatic products; there were but 
few articles which the Italians, inhabitants of Southern France, 
and Catalonians, for example, had to ship to Alexandria. The 
Venetian statesman, Marino Sanudo,* in the year 1307, mentioned 
as such articles almonds, honey, hazelnuts, mustic, and saffron. 

The most prominent Florentine houses also conducted the 
Levant trade with consummate mastery. Thus, for example, 
in the first half of the fourteenth century, the large trade asso- 
ciation which bore the name of the leading house, Bardi in 
Florence. It was in their service that Pegolotti, about the year 
1340, wrote that very remarkable trade-book, *.^ Pratica della 
mercatura,^^ " which gives the most instructive informatio nre- 
^arding the commercial relations, coins, weights, measures, and 

* Fllickiger, ** Pharmakoguosie/' p. 195, and this work, p. 19. 
«J6zd., p. 130. 

8 Ibid,, p. 244. 
*i6id., p. 113. 
"Fltickiger, '*Pharmakognosie," p. 1,018. 

• Compare further Heyd, loo. oit., i., p. xiii. 
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trade products of that time, and is far superior to similar publi- 
cations of a later date. 

A less comprehensive, but nevertheless remarkable book, is. 
that of the Venetian Pasi or Paxi, " Taripha,^' * of the year 1503. 

10. Sources of information are not wanting for judging of the 
supply of commodities, and also of preparations which were to 
be met with in the fifteenth century in German pharmacies. 
The " Frankfurter Liste ^' and the *' No rdlinger Register^' ex- 
hibit quite a series of drugs ^ which, at that time, were actually 
kept in stock; and the inventory of a pharmacy in Dijon of the 
year 1439 is also known.* 

The conquest of Constantinople by the Turks on the 29th of 
May, 1453, as also the discovery of a sea passage to India in 
May, 1498, are events which, by its causes and results, led to 
the gradual but almost complete downfall of the Levant trade, 
and especially to the exhaustion of the resources of Venice. The 
discovery of America completed the enormous revolution. The 
age of great discoveries could at first gain no greater number of 
new, important drugs from the vegetable kingdom of Asia, 
which had already been the source of supply for so long a period. 
The discovery of a sea passage around the Cape of Good Hope, 
however, resulted in a much more abundant importation of 
familiar commodities of that character. Furthermore, the 
scientific world now finally received more exact intelligence relat- 
ing to the celebrated products of India. For this information, 
thanks are primarily due to a Portuguese physician, Garcia de 
Orta (Garcias ab Horto), who resided for thirty years in Goa, 
India. His discourses upon Indian drugs, which appeared at 
Goa in the year 1563, form a highly agreeable contrast to the 
mostly confused and altogether too meagre notices of the Arabs 
and of Marco Polo, the great traveller, whose reports are other- 
wise so valuable. 

The most substantial advancement of pharmacognostical 

* Fluckiger, " Pharmakognosie," p. 1,011. 
' See page 3, note 1. 

• Schweizerische Wochenschrift ftir Pharmacie, 1878, Nos. 6, 7, 8. 



HISTORY. 31 

knowledge at that time in Europe proceeded from Clusius, 
who, after obtaining a broad preliminary education, was engaged 
in botanical pursuits, principally at Vienna, and finally, until 
the year 1609, at Leyden. As early as the year 1567, this dis- 
tinguished man published a Latin translation of Garcia's ^* Colo- 
quios^^ under the title **Aromatum et simpliciiim aliquot 
medicamentorum apud Indos nascentium historia/^ Clusius 
freed the work of the Portuguese of its labored diction, omitted 
many useless and speculative additions of the author, and, on the 
other hand, added valuable notes comprising personal experi- 
ences and observations. Clusius was already acquainted with 
the cola nut, star-anise, gamboge, winter's bark, sabadilla, and 
vanilla. 

The most instructive and abundant information relating to the 
Indian flora, combined with illustrations of long-known, celebrated 
medicinal plants, is presented (though, indeed, at a much later 
period) in the twelve folio volumes of Rheede^s **Hortusindicu8 
malabaricus,^' which appeared at Amsterdam between the years 
1678 and 1703, as also in the ^'Herbarium amboinense,^* by 
Rumphius (Rumpf), in six volumes, Amsterdam, 1741-1755. 
These grand achievements of the Dutch have been followed in 
modern times by the magnificent works of the English botanists.' 

Less laudable, even though it is intelligible when considered 
in the light of that period, appears the commercial policy of the 
Dutch in the seventeenth and eighteenth, centuries, through 
which they were able to retain for themselves the exclusive pos- 
session of Indian spices, particularly of nutmegs, cloves, pepper, 
and cinnamon, occasionally even advancing the prices by the 
destruction of these articles when the stock had accumulated to 
too great an extent. 

In the first half of the sixteenth century the knowledge of 
crude medicinal substances had meanwhile been much promoted 
in Germany by the talented teacher Valerius Cordus (1515- 
1544), after whose premature death his most important writings 
were first published, in the year 1561, by his friend and associate 

1 See Arch*iv der Phaim., 223 (1884), p. 249. 
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Conrad Gesner. Cordus, in his annotations to Dioscorides and 
in the "Historiae Stirpium (s. Plantarum)/^ in opposition to 
those of his predecessors who were involved in the study of an- 
tiquity, recorded good individual observations, and described 
the drugs much more carefully, particularly according to his 
personal inspection; thus, for example, Nux vomica, Cocculus 
IndicuSy and Lignum Ouaiaai.^ Cordus has rendered valuable 
service to practical pharmacy by the compilation of a dispensa- 
tory ' in the years 1542 and 1543, by request of the authorities 
of the city of Nuremberg. 

Under the title of *^Horti GermaniaB,^' Gesner, in the year 
1560, gave interesting accounts of medicinal and useful plants, 
or otherwise noteworthy species, which he or his friends, mostly 
apothecaries,* cultivated in Germany. Gesner permitted this 
publication to appear as an appendix to that of his friend 
Cordus, 

At a still earlier period, the flora of the surrounding country 
had been brought into requisition, but without much critical dis- 
crimination, as was the case with the widely diffused, popular 
book, " Hortus Sanitatis.^' The same degree of consideration was 
accorded to the curious work on distillation by the surgeon 
Hieronymus Brunschwig, of Strassburg, first published there in 
the year 1500, and which gave the crudest instruction relating 

1 A still earlier monographic publication relating to Lignum Ouaiacif 
which, for those times, is very worthy of notice,~and written in excel- 
lent Latin, likewise emanates from the pen of a prominent German, the 
Knight Ulrich von Hutten: "Vlrichi de Hutten Eq. de Guaiaci medi- 
cina et morbo gallico liber vnus." 4to, 26 chapters, unpaged. The first 
of the numerous editions, printed in the year 1519 in Schaffer's house at 
Mayence, bears at the end of the work a woodcut likeness of the author. 
This publication, by its accuracy and instructiveness, excels most of 
its contemporaries in the description of new medicinal substances. 
Hutten describes the habitus of the tree, the wood, bark, and resin, and 
lastly the applications. 

2 FlGckiger, **Pharmakognosie," p. 994. 

^ Among foreign apothecaries Gesner mentions also the meritorious 
Peter Coudenberg, of Antwerp (Fliickiger, loc. cit,, p. 458); also 
Follietus, of Vevey, on Lake Geneva, Switzerland. 
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to the preparation of distilled waters, whereby all conceivable 
herbs, and things of an entirely different nature, were brought 
together in a senseless manner. Here and there Brunschwig 
inserted a notice worthy of consideration, relating to a plant, 
for instance, one from which it may be concluded that at the 
end of the fifteenth century lavender was cultivated in Germany, 
and anise near Strassburg. Brunschwig^s book corresponded, 
moreover, so much to the views of that time, that in the year 
1597, an Augsburg physician, Adolf Occo, introduced one hun- 
dred and forty different AqvcB destillatoB into the ^^ Pharmacopoea 
Augustana." 

Subsequent to the year 1631, Otto Brunfels had numerous 
figures of plants prepared at Strassburg, some of which are very 
good, and are still worthy of notice as the earliest good exam- 
ples of the application of woodcuts to botanical purposes. His 
descriptions are, indeed, of an incomparably lower order than 
those contained in the herbals of his direct successors, Cordus 
(see p. 32), Bock (Tragus), Fuchs and Gesner. All these 
German " fathers of botany " of the sixteenth century, though 
not exclusively physicians, have also, through their writings, 
furnished pharmacy with a more exact knowledge respecting the 
indigenous medicinal plants, a large number of which were, 
at that time, kept at the pharmacies. It was also at this period 
of general reformation that Brunfels (in his '^ Reformation der 
Apotheken'*) brought forward a list of drugs, prepared without 
much judgment, but containing those which appeared to him 
worthy of commendation, under the title " Ein gemeyne beset- 
zung einer Apotheked, von Simplicibus.^' 

11. To the discovery and settlement of America we are in- 
debted for a number of substances already in use by the 
people of that country, which soon found their way to Spain, 
Portugal, and other parts of Europe. The writers of those two 
countries, Gonzalo Fernandez (Oviedo), Monardes, and Hernan- 
dez, who were the first to devote attention to the natural pro- 
ducts of the new world, also began to describe medicinal plants 
more accurately than had been done before. 

Thus America gradually furnished: Balsamum Copaivm, 
3 
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BaU. peruvianum, Bals. tolutanum, Oascarilla, Cinchona, 
Blemi, Folia NicotiancB, Fructus Capsici, Fr. FimentcB 
(Amomi), Fr, SabadillcBy Lignum Hmmatoxyli, Lig. Fernam- 
bud (Brazil wood), Lig. Guaiaci, Lig. Quassim, Lig. Sassa- 
fras, Radix Ipecacu^nhcB, Bad. Sarsaparillm, Bad. SenegcB, 
Bad. SerpentaricBy Besina Guaiaci, Semeii Cacax>, Sem. Saba- 
dillcB, Tuber JalapcB, and Vanilla. 

At a later period (1636-1641), the German geographer and 
astronomer Marcgraf , and the Dutch physician Piso, were jointly 
commissioned by the goyemment of the Netherlands, to pro- 
mote the knowledge of Brazilian medicinal plants. Previous to 
this they had already furnished descriptions of Copaiva, Elemi, 
Jaborandi, Ipecacuanha, Matico and Tapioca. 

12. The re-awakening of the sciences at the beginning of the 
new era also led to the gradual foundation of scientific botany, 
and in the seventeenth and eighteenth centuries to the medici- 
nal employment of a large number of plants of Central Europe, 
as well as of some few drugs from other parts of the world, 
which then arrived in Europe for the first time. Of the 
long series of plants and substances which are properly to be 
enumerated in this connection, there may be mentioned: Gate- 
chu, Cortex Frangulm, Mores ArniccBy Flores Chamomillm, Folia 
Aconiti, Fol. Digitalis, Foh Laurocerasi, Fol. Menthce piperitce, 
Fol. Toxicodendri, Fol. Uvea ursi, Herba Chenopodii ambrosioi- 
dis, Herba Cochlearice, Herba Gonii, Herba Hyoscyami, Herba 
Lobelim, Fructus Anisi stellati, Gummi-resina Gambogia, Kino, 
Lactucarium, Lichen islandicus, Jjycopodium, Oleum Cajuputi, 
01. BoscB, and other distilled oils, Badix Calumbce, Bhizoma 
Caricis, Bhiz. Filicis, Saocharum lactis, Secale cornutum, 
Tuber Chines and Tuber Colchici. 

13. In the cities of Germany, the stock, and especially the 
prices of drugs in the pharmacies, were regulated by official 
ordinances, while pharmacies were also openly conducted on the 
part of the magistrates, or leased by them. In no other country 
at that time were the affairs of pharmacy the subject of such 
thorough official attention. The manuscripts relating hereto 
admit of a complete insight into the store-rooms and laboratories 
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of the pharmacies from the beginning of the sixteenth century. 
Such, for example, are the inventories of the senatorial phar- 
macy at Brunswick (Braunschweig) of the years 1618 to 1658,* 
the catalogues of several other pharmacies, and a large number 
of price-lists which were issued in the course of the sixteenth, 
seventeenth, and eighteenth centuries in all German countries 
for the use of the apothecaries. It was rarely, however, that 
the latter were mentioned as participants in the official control, 
reference being usually made only to physicians and officials. 

By the aid of these manuscripts, many of which still remain 
buried in archives, the introduction and gradual distribution of 
many drugs may be traced, as, for example, some of those 
derived from America. These documents also afford positive 
information concerning the extensive cultivation of certain me- 
dicinal plants, which has long since been abandoned, as, e. g., 
the Angelica near Freiburg, in the old district of Breisgau, 
Baden; Licorice, near Bamberg; Saffron, in England, Germany, 
and Austria, and Cassia obovata in Tuscany. 

An insight is also afforded into the obscure department of 
adulterations, to which drugs, as well as articles of food and luxu- 
ries, were subjected in the middle ages, no less than at any 
other time (see p. 22). The magistrates of German and Italian 
cities resorted to the most extreme police measures, even pun- 
ishment by death," for such offences, and authorized physicians 
to watch the apothecaries. In the ordinances accompanying the 
above-mentioned price-lists, and in special manuscripts, these 
regulations are quoted at great length. 

The unfortunate apothecary Zanoni de' Kossi, of Venice, in 
the year 1402, when preparing the highly celebrated '^ Theriac,'* 
was detected in the omission of Ehubarb, Amomum, Opoponax 
("Pharmacographia,^' p. 327) and Saffron, even substituting 

' For a copy of this, one of us (F.) is indebted to the apothecary Dr. 
Grote, in Brunswick. Compare also the notice of the latter in the 
Archiv der Pharm., 231 (1883), p. 417. 

' Fltickiger, " Pharmakognosie," p. 740. Compare further the thor- 
ough work. by Elben, **Zur Lehre von der Waarenfalschung." A Tii- 
bingen dissertation, 1881. 
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for the latter Safflower {Carthamus tinctorius), while he also 
adulterated Musk and the Syrups. The court to which such 
matters pertained, ^^Avogaria di comun/' caused his prepara- 
tions to be thrown over the Eialto Bridge into the canal, the 
mush was burned, the offender banished from his profession, 
placed in prison, and a fine of four hundred gold ducats im- 
posed upon him— fortunately, in contumaciam.^ 

14. The proper study of drugs received an impulse from 
the chief emporium of the drug market of the middle ages." The 
Signoria of Venice founded in the year 1533, in her Univer- 
sity at Padua, a chair of pharmacognosy, "Lecturam Simpli- 
cium,^^ which she filled by the appointment of the physician, 
Francesco Buonafede. The University of Bologna, as early as 
the year 1534, also received such a ^^Spositore o lettore dei 
Semplici ^' in the person of Luca Ghini, who, in the year 1544, 
removed to the University of Pisa. Buonafede, " primus Sim- 
plicium explicator,^^ the first professor of pharmacognosy, dis- 
tinguished himself by the foundation of the first botanical 
garden, which, in accordance with his proposal, in the year 1545, 
was effected by a resolution of the Venetian senate. The land 
required therefor was given by the Benedictine Convent, Santa 
Giustina, with a proper appreciation of the usefulness of the 
purpose. The garden still remains in sight of the magnificent 
cathedral of Sant^ Antonio, in Padua. The decree of the senate, 
in a very admirable and appropriate manner, gives prominence 
to the value of the garden for the study of medicinal plants, 
and carefully provides for the management of the same. From 
the possessions of the Eepublic on the islands of'Oandia and 
Cyprus were to be procured the valuable plants, as also minerals. 

* Cecchetti, **La Medicina in Venezia nel 1,800," Archivio Veneto, 
XXV. (1883), 876. lUd., xxviii. (1884), 29, it is also stated that, in the 
year 1820, on the Rialto Bridge, inspectors of goods from the Levant 
were appointed, '* Signori sopra le merci del Levante." 

'A description of this drug market is still wanting. As men- 
tioned by FlUckiger, 2oe. ctf., p. 684, there existed in Venice, in the year 
1506, a chamber of commerce, "Cinque savii alia mercanzia," whose 
acts are still preserved in the great Venetian central archives. 
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As is evident from Gesner^s "Horti GermanisB ^^ (see p. 32), 
he stood in active intercourse with apothecaries and other friends 
who were engaged in the cultivation of ofl&cinal plants. The 
opportunity was thus afforded of mentioning cinnamon, cloves, 
worm-seed, colocynth, and fenugreeic, the mother plants of 
which were cultivated in a garden at Venice, in the quarter 
S. Gervasio/ But the first public garden for scientific purposes 
is that at Padua. 

Buonafede also arranged in the botanical garden at Padua the 
first collection of drugs, " Spezieria,'^ for purposes of instruc- 
tion, in which the dried, crude products of the Levant were 
preserved, in order to be employed as standards for the discrimi- 
nation of pure and adulterated articles. The garden and the 
collection are mentioned as two superabundant sources from 
which the most substantial knowledge may be obtained regard- 
ing those substances which contribute to the happiness of man- 
kind. Notwithstanding these efforts, Buonafede, at the age 
of 76 (in the year 1549) lost his position, and, having become 
blind, died in penury on the 15th of February, 1558. The pro- 
fessorial chair, 'Hettura de' semplici,'^ was taken in the year 
1551 by Gabriel Falloppio.' 

The University garden at Padua was followed in the year 1547 
by that of Pisa, in 1567 by Bologna, in 1577 by Leyden, and in 
1593 by Montpellier. In Germany the first botanical University 
garden was brought into existence in 1593 through the efforts of 
the medical faculty of Heidelberg ; in the years 1624 and 1625 
Ludwig Jungermann ' established the gardens of Giessen and Alt- 
dorf (near Nuremberg). It was first in 1628 that Paris also re- 
ceived such an one. In the year 1658 there was a medical garden 

1 Fltkckiger, loc, dt^ p. 781. As early as 1330 the subject of a garden 
in Venice was agitated, which the celebrated physician Maestro 
Gualtieri wished to establish ' * pro herbis necessariis arti sue. " Cecchetti, 
Archivio Veneto, xxv. (1883), 875. 

' R. de Visiani, *' Origine ed anzianitcL dell' orto botanico di Padova." 
Yenezia, 1839, 43 pages; and: ''Delia vita e degli scritti di Francesco 
Buonafede." Padova, 1845, pp. 24. 

» Reess, " Address of the Prorector." Erlangen, 1884, 19. 
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in Westminster (London), which is presumed to have belonged to 
the ^* Society of Apothecaries." Prior to 1674, as it appears, the 
garden of this corporation was removed to Chelsea, where it still 
continues to exist.* 

15. In the second half of the sixteenth and in the course of the 
seventeenth and eighteenth centuries, pharmacognosy was prac- 
lically applied in the unnecessarily numerous pharmacopoeias of 
different cities and countries of Europe, the largest number of 
which probably appeared in Germany. In this country, phar- 
macy had attained a high degree of development, as is shown by 
the official price-lists and various other ordinances. The first 
official pharmacopoeia, however, entitled "Eicettario fioren- 
tino," was published by the city of Florence in 1498. The num- 
ber of drugs brought together in these pharmacopoeias, dating 
from the sixteenth to the eighteenth century, was so considera- 
ble, that but little mention was made of new additions. Beside 
the most important of all, the Oinchona-iarhs (introduced in 
Spain about 1640, in England in 1655, and in Germany about 
the year 1669), there are to be mentioned, by way of example. 
Ipecacuanha (about 1682), Catechu (in 1640), and Senega (1735). 

Efforts now began to be made in the direction of the chemical 
investigation of drugs, which at the end of the seventeenth and 
beginning of the eighteenth century received the attention of 
numerous physicians and chemists; in Germany, e. ^., by 
Priedrich Hoffmann in Halle (1660 to 1742) and the distinguished 
apothecary to the Court, Caspar Neumann of Berlin (1683 to 
1737), in Paris by the previously mentioned Geoffrey and 
Lemery (see p. 5), and in England by Eobert Boyle (1627 to 
1691). 

Among the numerous and important discoveries of Scheele 
(1742 to 1786) thiere are but few which relate to drugs, although 
in this connection the discovery and .exapiination of the acids 
most frequently occurring in plants was of the greatest im- 
portance. Scheele, in 1769, discovered tartaric acid, and in 1776 
recognized the distribution of oxalic acid, which had already 

• * Flticbiger, '< Pharmakognosie.'' 544, Note 6. 
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been observed by Savary in 1773; in 1784 he first prepared citric 
acid in a pure sfcate, and in 1785 separated malic acid. Hydro- 
cyanic acid was likewise discovered by Scheele in the year 1783, 
although it was not allotted to this celebrated investigator to 
also prepare this substance from plants. 

Johann Bartholomaeus Trommsdorff, who rendered such valu- 
able services to pharmacy (from 1790 to 1837), and in 1795 
established a Pharmaceutical School (Institute) at Erfurt, de- 
voted a portion of his varied labors to the chemical investigation 
of vegetable medicinal substances. Notwithstanding these ef- 
forts, in his ^^ Handbuch der pharmaceutischen Waarenkunde " 
(Erfurt, 1799, pp. 624; third edition, 1822), no essential ad- 
vancement of pharmacognosy can be recognized. 

The greatest progress in this department was inaugurated in 
the year 1816 by the apothecary Sertiirner, through his dis- 
covery of the first alkaloid, morphine. Since this brilliant 
discovery, chemical research of the nineteenth century continues 
to give expression to the most important facts; and, for the reason 
previously intimated (p. 1), it more rarely occurs at the present 
time that a plant is able to attain permanent and prominent 
importance among valued medicinal agents. As accessions of 
the last eight decades are to be mentioned: Oarrageen>, Oortex 
adstringens brasiliensis, Oort. Orariati, Oort. MonesicB, Flares 
Koso, Folia Coca, Oallm chinenses, Quarand, Qutta Percha, 
Helminthochortony Herha LobelicBy Herba Matico, Kamala, 
Laminaria, Lupulin, Pengawa/r Djambi, Bad. RatanhicB, Bad, 
ScdmmonicB, SecaU cornutum, Semen Calabar, Sem. Colchici 
and Tuber Aconiti. The very unequal, and in part very 
questionable importance of these drugs is at once apparent. As 
examples of drugs which have appeared more reciently, and 
have directly received the condemnation of science, may be men- 
tioned: Lignum Anacakuite (from Gordia Boissieri D. C, a 
Mexican shrub)^ Cortex CondurangOy the leaves of Sarrazinia 
purpurea, of Peumus Boldo, of Eucalyptus globulus and of 
Grindelia robusta, tntihermoTe Oortex Coto, Corteii^ Quebracho 
and Badix Oelsemn. On the contrary> as permanent and im- 
portant acquisitions since the year 1873, may be considered: 
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Jahorandi leaves, from the Brazilian Butacea Pilocarpus pen- 
natifoliuSy and the leaves of Erythroxylon Oocay from Peru and 
Bolivia. 

The zealous endeavors of the eclectic school of medicine of 
North America to introduce new vegetable substances from their 
flora have also met with but little success. 

After the discovery of strychnine and veratrine in the year 
1818, of brucine in 1819, quinine, cinchonine and caffeine in 
1820, coniine in 1827 (1831), aconitine and atropine in 1833, 
Liebig and Wohler, in 1837, recognized in amygdalin the first 
representative of another numerous class of vegetable princi- 
ples, many of which possess energetic physiological properties. 
The chemical investigation of drugs, far superior to the anti- 
quated method of estimation, which was mostly based upon exter- 
nal characteristics, was thus correspondingly forced to the front. 

16. In the mean time, not only the systematic investigation of 
the vegetable kingdom, but also its anatomical and physiological 
study became established more and more upon truly scientific 
principles. In consequence of this advance, the condition of 
pharmacognosy could not remain unchanged. Guibourt (1790- 
1867), in his lectures at the Paris school, and in his writings (see 
p. 6), had already, to some extent, taken a higher standpoint, 
and Pereira (1804-1853), perhaps to a still greater degree, in his 
large text-book (p. 5), in an introductory address in 1842, and, 
furthermore, in his lectures. Schleiden, in 1844, with perfect 
compreliension of the subject, demonstrated the importance of 
the microscopical examination of drugs, which, in 1847, was 
further elucidated in the most brilliant manner by an essay on 
the structure of sarsaparilla, accompanied by microscopic 
figures. When Schleiden^s " Botanische Pharmakognosie,'' 
which was written in this spirit, made its appearance in 1857, 
the author no longer stood alone. Weddell, in 1845 and 1848, 
had become acquainted with the Cinchonas in Bolivia and Peru, 
and in 1849, in his handsome work on this subject, had also 
employed the microscope in an admirable manner for the 
purpose of distinguishing their barks. Schleiden extended this 
examination to all the Cinchona barks which at that time oc- 
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curred in commerce. To Otto Berg (1815-1866) is due the 
credit of having subjected a large proportion of the crude medi- 
cinal substances employed in Germany, at least all the more 
important ones, to microscopical study. In the figurative repre- 
sentation of the anatomical structure of organized vegetable 
substances he was, indeed, preceded by the no less distinguished 
Dutch botanist, Oudemans, 1854-1856. But, in 1865, Berg 
followed with the fifty plates, for the most part very true to 
nature, of his ^^ Anatomischer Atlas zur pharmaceutischen 
Waarenkunde.^^ 

It is in this direction that pharmacognosy of the present day 
is being developed, on the one hand in practical connec- 
tion with botanical science, and on the other supported by the 
constant progress in organic chemistry. The greater the nunj- 
ber of active principles of the vegetable kingdom extracted by 
chemical processes, or even built up artificially, the greater the 
changes effected in the pharmaceutical importance of the re- 
spective drugs, for which, indeed, new interest may again be 
specially incited by a more searching botanical examination. 

XII. Pharmacog;no8tical Systems. — The larger number of 
medicinal substances, even by the most exhaustive treatment, 
will only appear of significance from some of the points of view 
that have just been mentioned, while in other respects they may 
present nothing at all worthy of note. It appears of less im- 
portance to treat of these substances in detail than to consider 
the order in which they are classified. They have been grouped 
in special pharmacognostical systems, in a more or less artificial 
manner, by considering either their organological importance, 
or, to a greater extent, their medicinal action and most promi- 
nent chemical constituents, or by utilizing at the same time all 
these principles of division. In opposition hereto, their arrange- 
ment in accordance with the natural families of plants, as fol- 
lowed by botanists, commends itself. The employment of a 
system founded upon this plan is appropriate, because a knowl- 
edge of the families of plants may be presupposed, thus scarcely 
leaving a doubt respecting the proper position of each drug, and 
because it does not admit of the separation of the parts or pro- 
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ducts which are furnished by one and the same plant. The 
adyantages of such a classification are greater than the disad- 
vantage, which may be supposed to arise from the fact that by 
this arrangement things are found in close association which are 
not connected either morphologically or medicinally. The 
** Pharmacographia/^ subsequently mentioned, as also the 
'^Grundriss der Pharmacognosies^ of one of the authors* (P.), 
presents the drugs of the vegetable kingdom arranged in accord- 
ance with the natural families of plants, while the '^Pharma- 
cognosie des Pflanzenreiches ^^ (by P. A. Fluckiger) bases its 
classification more upon the external characters of the drugs. 
An excellent example of chemical classification is presented by 
Falck^s '^ Uebersicht der speciellen Drogenkunde,^* Berlin, 1883, 
p. 67. 

^ The "Grundnss " adheres to the well-planned system of the ** Sylla- 
bus del* Vorlesungen tiber specielle und medicinisch-phannaceutisGhe 
Botanik," by Elchler, third edition, Berlin, 1883, p. 54. 
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The consideration of medicinal substances in their yarious 
aspects, as has been indicated, presupposes the possession of 
corresponding adjuncts or aids. These are primarily the requi- 
site preliminary knowledge of botany, zoology and chemistry, 
as also experience- in the use of the microscope. With this 
general knowledge, and the corresponding degree of skill, phar- 
macognostical description is everywhere intimately connected, 
as well as with the practice of pharmacy itself. The present 
work has not included the chemistry of plants in its plan, 
nor is it designed as a complete guide for microscopical study, 
and refers, therefore, in this respect to the literary aids enu- 
merated under section II., 5, page 47. In addition to the 
latter, an oral and practical introduction to the methods of 
microscopical examination is expressly recommended. Such 
opportunities are easily obtained, and, as in other departments 
of applied natural science, practical instruction proves here also 
to be of the greatest utility. Those who earnestly enter this 
field will soon become incited to zealous labor. 

As scientific aids the following are to be considered: 

I. COLLECTIONS. 

A. Collections of Drugs. — The pharmacies themselves rep- 
resent to a certain degree such collections, which are found more 
complete, in their adaptation to scientific purposes, in many of 
the higher educational institutions, and particularly in such 
as are directly subservient to the interests of pharmacy. 
The most instructive, and by far the most extensive collection 
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of crude medicinal substances from the vegetable kingdom, how- 
ever, is contained, in the Museum of Economic Botany, 
in the botanical garden at Kew, near London. Less ex- 
tensive, since it is only in process of formation, is the 
botanical museum in Berlin. Collections which are devoted 
to pharmacy in its broadest sense are those of the Pharmaceu- 
tical Society of Great Britain, in their own building in London, 
the rapidly increasing collections of the General Austrian Pharma- 
ceutical Association (Allgemeiner osterreichischer Apotheker- 
Verein) in Vienna, and those of the School of Pharmacy (l^cole 
de Pharmacie) in Paris.* Aside from the museum of the firm 
of Gehe & Co., in Dresden, which is worthy of considera- 
tion, the want of a large pharmaceutical centre in Germany is 
to be regretted. The Pharmaceutical Institutes connected 
with the Universities of Germany correspond but little to the 
ideal requirements which should be made of a pharmacognosti- 
cal institution that is equipped in accordance with the times. 

The great international expositions of modern times have pre- 
sented, for the time, highly instructive and extensive collections 
of crude medicinal substances from different countries, of which 
reports have been published,* and in which, e, g., the medicinal 
agents even of the Asiatic nations are also thoroughly illustrated. 

^ This applies also, to a greater or less extent, to the museums and cabi- 
nets of some of the Schools of Pharmacy in the United States. (F. 
B. P.) 

^ For example, the excellent official reports of the Austrian experts 
who were delegated to these expositions. Compare further: FlUckiger, 
Schweizerische Wochenschrift fiir Pharmacie, 1867, 825; also Archiv 
der Pharmacie, 214 (1879), 1-43 and 97-136. Paul, Holmes, and Pass- 
more, "Universal International Exhibition," Paris, 1878; London, 1878, 
pp. 198. Schaer, ** Botanischer Congress und Ausstellung pharmaceu- 
tisch wichtiger Pflanzenproducte zu Amsterdam,'' April, 1877. Archiv 
der Pharm., 212 (1878), 9-28. Wittmack, **Die Nutzpaanzen aller 
Zonen auf der Pariser Weltausstellung, 1878; " Berlin, 1879, pp. 112. See 
also the reports of Dr. Carl Mohr in the Pharm. Rundschau, New 
York, 1885, pp. 57-60, 77-83, 97-100, 126-131, 146-154, 165-170, 198-202, 
227-230, entitled: *< Mittheilungen tiber die medizinisch und technisch 
wichtigen Producte des Pflanzenreichs auf der Weltausstellung von 
New Orleans," 
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B. Collections of plants which are either themselves offici- 
nal, or which furnish the crude medicinal or technical substances, 
or afford the material for preparations. Botanical gardens 
present such plants in the living state with most admirable 
selection and arrangement, for example, those of Kew (pages 
12 and 44) and Edinburgh, the gardens of the l^cole de 
Pharmacie, and of the Faculty de M6decine in Paris, and 
those of Berlin, Amsterdam, Vienna, and Palermo.* In the 
garden of Mr. Thomas Hanbury at Mortola, near Mentone, 
France, there are also cultivated many pharmaceutically impor- 
tant plants.' 

Similar and very excellent results have been attained at the 
garden of the University of Breslau through the judicious and 
untiring efforts of Goppert.* The large TTmbelliferae of Asia, 
which furnish dsd^odtiday galbanum^ sumhul and ammoniacum, 
are cultivated by Mr. Max Leichtlin in Baden-Baden. 

Many plants of pharmaceutical importance are, as yet, to be 
had only with difficulty or not at all, or are at least not readily 
obtainable in the living state, so that all knowledge concerning 
them must be derived from herbaria, or from descriptive and 
illustrative representations. Such are presented in the greatest 
degree of completeness by the previously mentioned institutes in 
Kew, London and Paris; and the botanical museum (section, Her- 

^ In the United States, the gardens of Mr. Henry Shaw, at St. Louis, 
Mo., are deserving of special mention, while the Congressional garden 
and garden of the Department of Agriculture at Washington, the 
botanical garden at Cambridge, near Boston, and the Arnold Arboretum 
(for woody plants) at Brookline, Mass., likewise present something of 
interest. There is also under contemplation the establishment of a large 
botanical garden at Montreal, under the direction of the McGill Univer- 
sity and the local horticultural society (F. B. P.). 

'See Mtlckiger, '* Oaterferien in Ligurien;" Buchner's Bepertorium 
ftir Pharmacie, xxv. (1876), 449-505; also (Fltiokiger) "La Mortola, Der 
Garten des Herm Thomas Hanbury," Strassburg, 1886 (privately 
printed), pp. 80. 

' Compare his publications: ** Unsere officinellen Pflanzen," Gdrlitz, 
1888, pp. 12; and "Catalog der botanischen Museen der Universitftt 
Breslau," Qdrlitz, 1884, pp. 54. 
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barium) in Berlin has also begun worthily to follow the example, 
though not precisely in a pharmaceutical direction. 

C. Microscopical Preparations. Notwithstanding the im- 
portance of a knowledge of the inner structure of many medi- 
cinal substances, the preparation of objects for the microscope 
often requires such an expenditure of time as to interfere 
with its accomplishment. This is, however, so instructive (see 
p. 48) that it is only in cases of necessity, or for the purpose of 
supplementing individual work, that the purchase of micro- 
scopical preparations will be attended with substantial benefit. 
It must, nevertheless, be admitted that these preparations are 
now presented, especially in Germany, in an unusually attrac- 
tive and complete form. 

II. LITERABY AIDS. 

The following list contains a selection of works which are 
adapted to quite extended requirements, but makes no claim to 
completeness. 

A. Medico-pharmaceutical Botany. Of descriptive works, 
the following deserve particular mention: 

Kosteletzky, *' AUgemeine medicinisch-pharmaceutische 
Flora,'' 3 volumes, Prague, 1831-1834 (now sold by Hofl, 
Mannheim). 

Geiger, Nees von Esenbeck and Dierbach, ^' Pharmaceutische 
Botanik,'' 3 volumes, Heidelberg, 1839-1843. 

Bischoff, ^^Medicinisch-pharmaceutische Botanik,'' Brlangen, 
1843; second edition, 1847. 

Schleiden, " Handbuch der medicinisch-pharmaceutischen 
Botanik,'' Leipzig, 1852, 

Bosenthal, " Synopsis plantarum diaphoricarum. Systema- 
tische Uebersicht der Heil-, Nutz- und Giftpflanzen aller 
Lander,'' Erlangen, Bnke, 1872. 

These works, which are excellent in their way, may, perhaps, 
occasionally still be consulted with profit; they are, however, 
more than replaced by the following: 

Luerssen, ^* Medicinisch-pharmaceutische Botanik," also un- 
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der the more appropriate title, " Handbuch der systematischen 
Botanik, mit besonderer Beriicksichtigung der Arzneipflanzen," 
Vol. I., Cryptogams, pp. 657, 181 woodcuts, Leipzig, 1879. Vol. 
II., Phaenogams, pp. 1,229, 231 woodcuts, Leipzig, 1882. 

Luerssen, "Die Pflanzen der Pharmacopcea Germanica,*' 
Leipzig, 1883, pp. 664, 341 woodcuts. Chiefly compiled from 
the preceding. 

Herz, " Synopsis der pharmaceutischen Botanik, ^^ BUwangen, 
1883. 

Baillon, "Trait6 de Botanique m6dicale-phan6rogamique,^' 
Paris, 1883-1884, pp. 1,499, with numerous woodcuts. 

Targioni-Tozzetti, " Corso di botanica medico-farmaceutica,*' 
second edition, Firenze, 1847. Not seen by us. Furthermore: 

Leunis, " Synopsis der drei Naturreiche.*^ II. part. Botany. 
Third edition edited by A. B. Frank, Hanover, 1883. 

Schimper, ^' Taschenbuch der medizinisch -pharmaceutischen 
Botanik und pflanzlichen Drogenkunde,** pp. 208, Strassburg, 
1886. 

B. The following works give illustrations of ofl&cinal plants 
(accompanied by a descriptive text which is often unsatisfac- 
tory). 

Nees von Esenbeck, "Plantae medicinales,^^ Diisseldorf, 1828- 
1833. 4 volumes. Folio, with 545 colored plates (12 inches 
wide and 19 inches long). 

Hayne, '^Getreue Darstellung und Beschreibung der in der 
Arzneikunde gebrauchlichen Gewachse, und solcher die mit 
ihnen verwechselt werden konnen,^^ Berlin, 1805-1846. 14 
volumes, quarto, with 648 colored plates. 

Berg and Schmidt, " Darstellung und Beschreibung sammt- 
licher in der Pharm. borussica aufgefiihrten officinellen Ge- 
wachse,^^ Leipzig, 1854-1863. With 208 colored plates, quarto. 
Of excellent artistic execution. 

Kohler's "Medicinalpflanzen,^' Gera-Untermhaus. Begun in 
1883, and not yet completed. 

H. Gross, *^Die wichtigeren Handelspflanzen in Bild und 
Wort,'' Bsslingen, 1880. 
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Bentley and Trimen, "Medicinal Plants/' 4 yolumes, Lon- 
don, 1875-1880. Small quarto, with 306 colored plates. 

Artus/' Handatlas sammtlicher medicinisch-pharmaceutischer 
Gewachse/' etc. Sixth edition, edited by G. von Hayek. 
Jena, 1882. 

. Oassone, F., "Flora medico-farmaceutica,*' 6 volumes, with 
600 colored plates. 8vo, Torino, 1847-1852. Not seen by us. 

In America, the following illustrated works are in course of 
publication, which especially represent the medicinal plants in 
use in this country. 

Lloyd, J. U. and C. J., "Drugs and Medicines of North 
America. '' A quarterly devoted to the historical and scientific 
discussion of the botany, pharmacy, chemistry and therapeutics 
of the medicinal plants of North America, their constituents, 
products and sophistications. Cincinnati, Ohio. Vol. I., of 
which the first number was issued in April, 1884, is now 
(March, 1886) complete, and comprises the natural order Banun- 
culacesB. 

Millspaugh, C. F., "American Medicinal Plants.'^ An illus- 
trated and descriptive guide to the American plants used as 
homoeopathic remedies: their history, preparation, chemistry, 
and physiological effects (6 fasic). Fasc. I., New York, 1884. 
Boyal 8vo, 30 plates with descriptive text. (Four fascicles of 
this work have appeared up to the present date, July, 1886.) 
F. B. P. 

C. Medico-pharmaceutical Zoology. 

Brandt and Batzeburg, " Medicinische Zoologie,^^ Berlin, 
1829-1833. 3 volumes, quarto, with 60 admirably executed 
copper plates. 

Martiny, " Naturgeschichte der fur die Heilkunde wichtigen 
Thiere,^' Giessen, 1854. 30 plates. 

Moquin-Tandon, "Elements de zoologie m6dicale,'' Paris, 
1860; second edition, 1882, with numerous woodcuts. 

D. Use of the Microscope. 

Nageli and Schwendener, '*Das Mikroskop,^' Leipzig, 1867; 
eecond edition, 1877. 

Dippel, " Das Mikroskop und seine Anwendung/^ 2 volumes. 
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Braunschweig, 1867-1872; second edition, 1883. By the same 
author, ^^ Grundziige der allgemeinen Mikroskopie,'' Braun- 
schweig, 1885. 

Hager, "Das Mikroskop und seine Anwendung.'^ Seventh 
edition, with 316 woodcuts. Berlin, 1886. 

Behrens, " Hilfsbuch zur Ausfuhrung mikroskopischer Unter- 
fiuchungen im botanischen Laboratorium,*' Braunschweig, 1883, 
pp.398. "With illustrations. American edition, entitled: "The 
Microscope in Botany, ^^ translated by Eev. A. B. Hervey, and 
E. H. Ward. Boston, 1885. 

Stein, "Das Mikroskop und die mikrographische Technik,'* 
Halle, 1884. With illustrations. 

Poulsen, "Botanische Mikrochemie,*' Cassel, 1881, pp. 83. 
American edition, entitled: "Botanical Micro-chemistry,'^ trans- 
lated by Professor William Trelease. Boston, 1884, pp. 118. 

E. Chemistry. 

Husemann and Hilger, "Die Pflanzenstoflfe.'' 2 volumes, 
second edition, Berlin, 1882-1884. This book, which is very 
complete from a chemical standpoint, also elucidates the 
physiological action of the constituents of plants. 

Dragendorff, " Die qualitative und quantitative Analyse von 
Pflanzen und Pflanzentheilen,^' Gofctingen, 1882, pp. 285. Eng- 
lish edition, entitled: "Plant Analysis, Qualitative and Quanti- 
tative,*^ translated by Henry G. Greenish. London, 1884, pp. 
280. 

Ebermayer, " Physiologische Chemie der Pflanzen,*^ Berlin, 
1882. 

F. Illustrations of Drngs. Figurative representations of 
drugs in an ordinary sense are of less value than collections, 
perhaps with exception of the Cinchona barks, in which a com- 
parison with illustrations may occasionally be desirable. Such 
colored illustrations of the Cinchona barks are presented in a 
very handsome form by the following: 

Bergen (H, von), " Monographic der China, ^^ Hamburg, 1826. 

Quarto, with 7 plates. 

Weddell, " Histoire naturelle des Quinquinas,^' Paris, 1849. 

Folio. The plates 28, 29, 30. 
4 
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Delondre et Bouchardat, " Quinologie/* Paris, 1854. Quarto. 
2^ plates. 

A large number of drugs are illustrated, and described by 
valuable essays in the following: 

Hanbury, " Science Papers/^ London, 1876. 

With regard to some antiquated drugs reference may be made 
to Gobel and Kunze, "Pharmaceutische Waarenkunde,*^ Eise- 
nach, 1827-1834. 2 yolumes, quarto, pp. 240 and 300. This 
work contains numerous colored plates, representing barks and 
roots. 

G. Flgnratiye representation of inner struct nre. 

Oudemans, ^* Aanteekeningen op het systematisch- en pharma- 
cognostisch-botanische gedeelte der Pharmacopoea Neerlandica,'^ 
Eotterdam, 1854-1856, pp. 661, with 37 plates. Has long been 
out of print. 

Berg, ^^ Anatomischer Atlas zur pharm. Waarenkunde,*' Ber- 
lin, 1864, 50 plates. Quarto.* 

Vogl, "Nahrungs- und Genussmittel aus dem Pflanzen- 
reiche. Anleitung zum Erkennen der Nahrungsmittel, Genuss- 
mittel und Gewiirze mit Hilfe des Mikroskops," Vienna, 1872, 
pp. 138, with 116 woodcuts. 

Bell, " Die Analyse und Verfalschung der Nahrungsmittel.** 
I. and II. Berlin, 1882 and 1884. The original English work, 
of which this is a translation, bears the title: " The Analysis 
and Adulteration of Foods. ^^ 

Moller, '^ Mikroskopie der Nahrungs- und Genussmittel,^^ 
Berlin, 1886, 8vo, pp.. 384, with 308 woodcuts. 

Schimper, ^'Anleitung zur mikroskopischen Untersuchung 
der Nahrungs- und Genussmittel,^^ Jena, 1886, pp. 140, with 
79 illustrations. 

In the various commentaries to pharmacopoeias, in the large 
work of Luerssen, mentioned on page 47, as also in mono- 
graphs, there occur many illustrations pertaining to this 
subject. Thus, for example, in Kauter's "Memorial Publica- 

^ This excellent work will be further referred to by us under the desig- 
nation of Berg's *^ Atlas." 
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tions of the Vienna Academy ^^ ("Denkschrif ten der Wiener 
Akademie ''), 31 (1872), 23, hair formations; Martinet, " Or- 
ganes de s6cr6tion des v6g6taux^^ in Annales des sciences natu- 
relleSy xir. (1872), 91, and many other publications mentioned in 
the chapter on anatomy. The structure of leares is represented 
by Lemaire in his ^^ Determination histologique des feuilles 
m6dicinales,^' Paris, 1882; and that of barks in Moller's ^^ Ana- 
tomic der Baiimrinden,*^ Berlin, 1882. The excellent illustra- 
tions accompanying Arthur Meyer^s ^^Beitrage zur Kenntniss 
pharmaceutisch wichtiger Gewachse ^^ in the Archiv der Phar- 
made, Band 218, 210, 220, 221 (1881 to 1883), relate to the 
officinal Smilaceae and Zingiberaceae, to Aconiium, Veratrum, 
Gentiana and Ipecacuanha. 

11. Special Pharmacognostical Text-books and Manuals. 

Berg, " Pharmaceutische Waarenkunde.^* Fifth edition, Ber- 
lin, 1879, pp. 696. This first appeared in 1850 as the second 
volume of the second edition of his " Pharmaceutische Botanik^^ 
(the first edition of the latter was issued in 1845). 

Fliickiger, "Lehrbuch der Pharmacognosie des Pfianzen- 
reiches,^^ Berlin, 1867, pp. 758. Second edition, 1883, pp. 
1,049. 

Fliickiger, ^^Grundriss der Pharmacognosie,^* Berlin, 1884, 
pp. 260. 

Fliickiger and Hanbury, *^ Pharmacographia: A History of 
the Principal Drugs met with in Great Britain and British 
India," London, 1874. Second edition, 1879, pp. 803. 

Fliickiger et Hanbury, " Histoire des Drogues d^origine v6g6- 
tale." Traduction de Touvrage anglais * ' Pharmacographia,** 
par J. L. de Lanessan. 2 volumes, with woodcuts. Paris, 1878. 

Fristedt, "Larobok i organisk Pharmacologi," Upsala, 1873. 

Guibourt, " Histoire abreg6e des Drogues simples,*' Paris, 
1820. Sixth edition by G. Planchon: ^^ Histoire naturelle des 
Drogues simples.** 4 volumes, Paris, 1869-1870. With wood- 
cuts. 

Marm6, ^^Lehrbuch der Pharmacognosie des Pflanzen- und 
Thierreichs,** Leipzig, 1885. 

Oudemans, " Handleiding tot de Pharmacognosie van het 
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Planten- en Dierenrijk/* Haarlem^ 1865. Second edition, Am- 
sterdam, 1880. 

Planchon, '^ Trait6 pratique de la D6termination des Drogues 
simples d'origine v6g6tale,^' 2 volumes, Paris, 1875. With illus- 
trations. 

Vogl, '^ Commentar zur osterreichischen Pharmacopoe/* Band 
I. " Arzneikorper aus dendrei Naturreichen,^^ Vienna, 1869. 
Third edition, 1880, pp. 516, with 164 woodcuts. 

Wigand, "Lehrbuch der Pharmacognosie,^' Berlin, 1863, 
with 141 woodcuts. Third edition, 1879, pp. 447, with 181 
woodcuts. 

Wiggers, '^ Grundriss der Pharmacognosie,^^ Gottingen, 1840, 
pp. 429. Fifth edition, "Handbuch der Pharmacognosie,*' 
1864, pp. 800. 

Wittstein, " Handworterbuch der Pharmacognosie des Pflan- 
zenreichs,^' Breslau, 1883, pp. 994. 

The numerous drugs in use in India, especially those of the 
western portion of the peninsula, have been thoroughly consid- 
ered by: 

Dymock, " The Vegetable Materia Medica of Western India,*' 
Bombay (London), 1883-1884, pp. 786. (Compare the reviews 
in the Archiv der Pharm., 222 (1884), 249, and Pharmaceu- 
tische Zeitung, Feb. 23d, 1884. Supplement to No, 16.) 

All that has been accomplished in relation to the useful plants 
of India in the broadest sense, including the drugs, is compiled 
in the following large work in course of publication at Calcutta: 

Watt, " A Dictionary of the Economic Products of India. *' 
The first volume of this work, comprising the letter A, was pub- 
lished in 1884. Large 8vo, pp. 353. 

The drugs employed in the United States have been elaborated 

by: 

Maisch, "A Manual of Organic Materia Medica,*^ Philadel- 
phia, 1882, pp. 459, with illustrations. Second edition, 1885, 
pp. 511, with 242 illustrations. 

Lloyd (J. U. and C. G.), '^ Drugs and Medicines of North 
America.** See page 48. 

Of the resources of Brazil, an idea is given by: 
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Peckolt, " Catalog der pharmacognostischen, pharmaceut- 
ischen und chemischen Sammlung aus der Brasilianischen 
Flora/' Zeitschrift des Allg. osterreichischen Apotheker- 
VereineSy VI. (1868), 518. Extended pharmacognostical essays 
by the same author are to be found in the periodical mentioned. 

Eepresentations and descriptions of drugs may be found, 
although for the most part very deficient, in the yarious com- 
mentaries to the pharmacopoeias, and in the manuals of the 
practice of pharmacy. 

J. An exhaustive work on the History of Pharmacognosy^ 
based upon an adequate study of sources of information, is still 
wanting. In the circle of German literature the following are 
worthy of consideration, however, in this respect: 

Meyer, "Geschichte der Botanik,'' 4 volumes, Konigsberg, 
1854-1857. This work has, indeed, remained uncompleted, 
since it extends only to the last quarter of the sixteenth century, 
but nevertheless includes the periods which, in many respects, 
are the most interesting for the history of pharmacognosy. 

Jessen, " Botanik der Gegenwart und Vorzeit in culturhisto- 
rischer Hinsicht,^' Leipzig, 1884. This work supplements the 
last named, and contains, notwithstanding its brevity (495 
pages), a large amount of substantial information, although 
pharmacognosy does not properly fall within its sphere. 

Hehn, " Kulturpflanzen und Hausthlere in ihrem Uebergang 
aus Asien nach Griechenland und Italien, sowie in das iibrige 
Europa,^^ fourth edition, 1882. 

Sigismund, '^ Die Aromata in ihrer Bedeutung f iir Eeligion, 
Sitten, Gebrauche, Handel und Geographic des Alterthums bis 
zu den ersten Jahrhunderten unserer Zeitrechnung,^^ Leipzig, 
1884. (Eeviewed in the supplement to the Pharm, Zeitung, 
Bunzlau, May 31st, 1884, p. 377.) 

A. de CandoUe, '^ Origine des plantes cultiv6es, Biblioth^que 
scientifique internationale,^' Paris, Germer Bailli^re & Co., 
1883. 

E. A Bibliography of Pliarmaeognosy is also still want- 
ing. The beginning of such a work is presented in Pereira^s 
"Elements of Materia Medica,'' II. (1857), 833-869. Some 
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references may furthermore be found in the previously cited 
(p. 51, under H), '' Pharmacognosie/^ by Fliickiger (especially 
pages 983-1022), and in the " Pharmacographia/' A manu- 
script bibliography of pharmacy by Piper has been preserved by 
the Pharmaceutical Society of Great Britain in London since 
1883. 

L. That valuable aids to the study of pharmacognosy are con- 
tained in the various scientific journals and in monographs 
needs scarcely to be mentioned. In Germany, even previ- 
ous to the year 1825, the Archiv des Apotheker-Vereins im 
nordlichen Teutschland inaugurated the stately series of volumes 
of the present Archiv der Pharmacie, while many other German 
professional journals have since ceased to exist. In Paris, the 
Journal de Pharmacie et de Chimie has likewise appeared regu- 
larly since that time. In England, Jacob Bell, who rendered 
such valuable service to English pharmacy (1810-1859), issued 
in July, 1841, the first number of the ^^Transactions of 
the Pharmaceutical Meetings,'' which now, under the title of 
The Pharmaceutical Journal and Transactions, continually pre- 
sents a rich supply of pharmacognostical information, com- 
mensurate with the commercial status of England. The Ameri- 
can Journal of Pharmacy, in Philadelphia, stands already 
in its fifty-eighth year of publication. 

The '^Annual Reports,'' finally, summarize all that is of value 
in current literature. Thus, in Germany, the '^ Jahresbericht 
der Pharmacie," which was begun in 1841 by Theodore Martins 
(1795-1863), and continued by Wiggers from 1844 to 1865. In 
1866, Theodore Husemann, together with Wiggers, undertook 
its elaboration, and from 1867 to 1873 August Husemann was 
associated with them. In 1874, Dragendorff took the place of 
Theodore Husemann, and continued the " Jahresbericht" until 
1878, when, in 1879, Marm6 and Wulfsberg associated them- 
selves with him. The '^Berichfof 1880 was edited by the 
latter, and the two following by Beckurts. A similar service 
has been rendered in England by the *^ Yearbook of Pharmacy," 
which has been issued since 1870, and much more punctually 
than the German "Bericht," by the British Pharmaceutical 
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Conference, and in America, since 1857, by the annual " Ee- 
port on the Progress of Pharmacy, ^^ contained in the " Proceed- 
ings of the American Pharmaceutical Association,^^ in which 
trade relations also find consideration. 

The Botanisches Centralhlatt (Fischer, at Cassel), a journal 
of reference, which has appeared since 1880, under the editor- 
ship of Behrens and IThlworm, and (since 1873) Just's Bota- 
nischer Jahresbericht (since 1883 under the editorship of Geyler 
and Kphne), also consider the literature of pharmacognosy, 
even though only in a secondary manner. 
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The few oflBcinal algae, lichens and fungi, such as Chondrus 
(Iri§h-moss), Cetraria (Iceland-moss), Secale cornutum (Ergot), 
and the unoflBcinal Fungus laricis (Larch Agaric), afford ex- 
amples of entire plants * which serve for medicinal purposes; 
the remaining drugs consist of parts of their mother-plants. 
Among the underground or, at least, half underground organs 
which fall within the province of pharmacy, the following are 
to be distinguished : 

Boots {Radices). We confine this expression to the axes 
of endogenous formation, in which the capability of producing 
leaves, and mostly also chlorophyll, is wanting, but which 
possess a root-cap. This latter is a delicate, slightly extended 
tissue on the growing end (tip) of the root. The cells of the 
root- cap increase in number by division, but remain uniform; 
and farther back, within the cap, the point is reached where 
the formation of the different systems of tissue begins (see Ana- 
tomy, under formative tissue). 

Roots are designated as main or primary roots when they 
represent the direct (underground) descending continuation of 
the base of the stem. Frequently the primary root becomes 
divided into root-branches, which, when they are very thin, are 

' A thorough treatise on morphology, based upon modern views, is 
contained in Leunis' "Synopsis," Bd. L, 1882. Edited by B. Frank. 
Compare also Th. Liehe, " Die Elemente der Morphologie," Berlin, 1881. 

' The sclerotium of Cflaviceps purpurea, which constitutes the Secale 
cornutum, is the passive condition of the fungus. Fungus laricis is the 
fruit-bearing portion of Pol'^porus offldnalis Fr., and is thus, strictly 
considered, also only a portion of a plant, even though quantitatively 
by far the preponderating portion. 
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also called root-fibres. Examples of primary roots are afforded 
by Radix Fyrethri, Rod. ScammonicB, and Rad. Taraxaci; 
excellent root-branches are possessed by Rad. Ratanhio, and 
root-fibres by Rad. Angelicm. 

Secondary roots are such as originate laterally from the pri- 
mary root or from parts of the stem, and which, upon the 
Tjrhole, since the main root is often suppressed, occur much more 
frequently than the primary root; in those cases, therefore, 
where the distinction between primary and secondary roots is 
not sharply characterized, as with Rad. Angelica and Rad. 
Levistici, they may be designated simply as roots. 

Occasionally, only the secondary roots are collected, but for 
the most part the primary and secondary root together are offi- 
cinal. 

Above the tip of the root, mostly confined to small tracts, and 
advancing with the growth in length, are found the root-hairs, 
which individually (see Anatomy) become firmly attached in 
their growth to the particles of earth, and convey the dissolved 
nutritive substances of the soil to the root. 

The function of the root is to fix the plant in the soil (hence 
the central vascular bundle cylinder; see Anatomy) and to ab- 
sorb the inorganic nutritive substances and water from the soil. 

The roots, as well as many rhizomes-, are provided with a 
bark which, in some cases, is removed by paring before the 
drug is made use of (Althcea, Olycyrrhiza, Iris), and in others, 
where it is rich in active constituents, it is allowed to remain 
{Calamus). Barks separated from the root are also officinal, 
thus, e. g.y Orajiatum (Pomegranate), the bark of the root of 
Punica Oranatum Lin. The root-bark of Krameria (Rhatany) 
was also formerly in use. 

Beside the true roots, there is still a series of underground 
formations, which belong, however, morphologically to the 
organs of the stem, even though they also fulfil physiologically 
the function of roots. These are the runners or stolons, rhi- 
zomes and tubers. 

The Snnners (Flagella) and Stolons {Stoloms) which 
emanate from the root or from the base of the stem lie on the 
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surface of the ground or at a slight depth, and develop hori- 
*zontally, often to a considerable length. They possess under- 
leaves, at least in a rudimentary state, often contain chlorophyll, 
and inclose a clearly defined medulla. At some distance from 
the point of origin, the runners are able to develop roots and 
sprigs of foliage; if their connection vrith the mother plant is 
subsequently severed, they develop new individuals. Radix 
OlycyrrhizcB and Rad, Saponarice consist to a large extent of 
runners. 

The typical form of stolon is shown very nicely in the so-called 
Rhizoma Caricis {Car ex arenaria Lin.). The sheath -like under- 
leaves here surround the nodes, which are provided with root- 
bundles. Rhizoma Graminis {Triticum repeals Lin.) may also be 
classed with the stolons. 

The runners are botanically connected with the creeping or 
repent and decumbent stems. 

Of the underground stem formations which bear under-leaves 
there are furthermore to be mentioned: the Bootstocks or 
Bhizomes ( RMzomata * ). These are perennial stems . or 
branches of vascular cryptogams and pheenogams, growing half 
or entirely under the surface of the ground, which are provided 
with the rudiments of leaves, the remnants of leaf-sheaths or 
leaf-nodes, and send out roots (secondary roots). We also re- 
tain the name rhizome for those cases where the roots (secondary 
roots) are collected with it, or even when these preponderate, as 
with Valeriana, Radix Sarsaparillce alone forms an exception; 
for although its rhizome occurs in part in commerce, it is never- 
theless inadmissible for medicin«,l use. 

The rhizome is provided at its apex with a bud, and annually 
develops new, ascending, herbaceous stems (leaves). 

The peculiarity of the rootstock and the bulb, so definitely 
characterized by nature in opposition to the root, had already 
been rendered prominent by the Greek naturalist Theophrastos ' 
(371 to 286 B.C.). 

For the most part the rootstock alone is collected {Iris, 

* ^Pi^oofia root, stem. 

' Compare Jessen, '* Botanik der Gegenwart und Vorzeit," 1864, 26. 
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Oalanga), When besides a central rootstock a secondary or 
lateral rootstock is present, both of them occur in commerce 
(Zingiber), although rarely as two separate commercial varie- 
ties {Curcuma rotunda and longa, the latter of which forms the 
secondary, the former the primary rootstock). Of Zedoaria 
only the primary rootstock is in use. 

The roots of a rhizome (either alone or connected with the 
latter) form the sarsaparillas of commerce. * 

Branched rootstocks (many-headed) are not of rare occur- 
rence, and then possess many buds {Oalanga^). 

The rhizomes serve also as receptacles for reserve substances, 
and are nearly always densely filled with reserve nutritive sub- 
stances (starch, etc.). 

Still more pronounced receptacles for reserve materials are: 

The Tubers {Tubera). — These are underground portions of 
the stem, or ramifications of the roots of phaenogams ( Orchis), 
which are so thickened that their diameter approximates their 
development in length or exceeds it. This growth in thickness 
stands in connection with the periodical accumulation of 
constructive materials, especially starch. They present a fleshy 
structure, which after drying is mealy and horn-like, not woody, 
as, e. g., Tuber Aconiti, Tuber Jalapce and Tuber Salep. 
Tuber Chinee deviates from the ordinary type of the tuber by its 
often very considerable length and strongly developed vascular 
bundles.'* 

It is, however, not only the stem which participates in the 
formation of underground organs, occasionally it is also leaves 
(under-leaves) which form these to a predominating extent, as, 
for example, in the case of the bulbs. 

Bnlbs (Bulbi). — These are fleshy, thickened under-leaves or 
parts of leaves, serving for the storage of starch and other sub- 
stances serving as nourishment, which, similarly to buds, are 
severally inwrapped, scale-like, about a very short axis pro- 

1 Compare A. Meyer, Archiv der Pharm., 818 (1881), 280, with 
illustrations. 
* A. Meyer, loc, cit, 425, with illustrations. 
8 Compare A. Meyer, Archiv der Pharm., 218 (1881), 272. 
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Tided Tith'roota, and stand above the surface of the soil or are 
half or entirely imbedded therein. The axis of the bnlb is mostly 
flat, disk-like (Fig 1, I). The only officinal bulbs of the U. S. 
Pharmacopceia (1880) are Scilla and Allium. 

By the accnmnlation of reserve substances, aid is given to the 
respective plant, corresponding to the climatic conditions, ren- 
dering it capable of attaining its full development in the shortest 
time and during the moat favorable periods of the year. 

A Conn {Cormus) is intermediate between the tuber and the 
bulb. ItiBA bulbo-tuier or bttlbodium ianicatum, or a true tuber, 
which is provided with under-leaves and enveloped by them (Ool- 
chicum). 

The thickened, and for the most part subterranean organs of 



bulb. I, the dlBk-shaped, 

the stem, above described, lead us to the consideration of the 
proper organs of the stem, growing above ground. 

Stem strnctares are formed either by the development of 
the stem portion of the plumule of the germinating plant (see 
below), or as lateral shoots on other organs of the stem, in the 
axils of leaves. 

That portion of the stem which lies between the point at 

which the cotyledons are affixed and the point of attachment of 

the root is called the hypocotylous ' member, caulicle or radicle. 

This remains mostly, short (in the Hypogfeffl,' i. e., those 

' 'Tx^ under, and xotvKtjSoiv (cotyledoD) cavity. 

' 'Txo under, and j-ai'a earth. 
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plants whose cotyledons in germinating do not appear above the 
surface of the ground); it can, however, also become extended, 
and then elevate the cotyledons far above the ground (in the 
Epigaeae,' for example, Linum, Viciafaba). 

The form of a transverse section of the stem structure is 
cylindrical or angular. In the latter case the position of the 
leaves stands in direct relation to the number of the angles 
{LahiatcBy with a quadrangular stem and cross-like arrangement 
of the leaves). On cylindrical stems the leaves are arranged in 
spirals. 

If the stems are developed in a leaf -like form, they are called 
phyllodia orphyllocladia' (^W5CW5, Australian species of Acacia 
Phyllocactus). 

In a pharmacognostical relation, the following organs of the 
stem come under consideration: 

Stems or Twigs {SHpites). By these names are desig- 
nated the weaker biennial and triennial, overground axes of 
dicotytedons, which are covered with an epidermis or cork, and 
contain chlorophyll. The only example properly considered 
here is presented by Stipes DulcamarcB, 

Woods {Ligna). By wood is understood the mostly "lig- 
nified " tissue (see below) of overground axes (or also of dicoty- 
ledonous roots), located inside of the cambium ring, which, with 
exception of the medullary rays, has attained considerable solidity 
through a material thickening of the cell walls. Only wood of 
many years* growth of the Gymnosperms, as also that of the 
Angiosperms, serves for medicinal purposes, with or without 
the bark, occasionally also either entirely or partially freed from 
the outermost, younger layers, the so-called sapwood or albur- 
num (see Anatomy). 

Wood upon which the bark still remains, is frequently found in 
the two varieties of Lignum Quassim and in Lignum Sassafras, 
while Lignum Juniperi and Lignum Ouaiaci are nearly always 
freed therefrom. 

The numerous dye-woods, as, e. g.. Lignum HcBm^toxyli (log- 

* ^Ejti upon or over, and yata earth. 

• ^vXKov leaf, and nXado^ shoot or stem. 
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wood) and Lignum Fernamhuci (Brazil wood) arrive in commerce 
in the form of heartwood, freed from the colorless sapwood. In 
the case of Lignum Guaiaci, the valuable constituent, the resin, 
is also confined to the heart wood, although the dealers do not 
make a practice of removing the sapwood. 

In a botanical relation, the herbaceous stems (caulis) are dis- 
tinguished from the woody trunks (trunci), which, with the 
dicotyledons, as a rule, form branches (rami). 

Barks {Cortices). The organs of the stem, as well as 
roots, are invested with a bark. The monocotyledons do not 
possess a true bark, since they show no secondary growth in thick- 
ness. The barks of dicotyledons — and such are officinal — con- 
sist in their young condition of a predominating parenchymatous 
tissue, derma, or primary bark, which is covered by the epider- 
mis. Only barks of several years^ growth, however, are brought 
into use, where the epidermis is replaced by cork. Where the 
latter is in a state of active growth, and represents a coherent 
layer, it is called periderm, outer bark, or exophlceum.^ 

Upon further development of the overground axes (or roots) 
which here come into consideration, the growth of the original 
bark is very soon increased through the activity of the cambium. 
Within the primary bark there is developed the secondary bark, 
inner bark, liber (bast), or endopMmum, the boundary of which 
is very frequently sharply defined from the primary bark. The 
bark then presents also a middle layer, the so-called middle bark 
or mesophlmum,^ which, at a later period, often becomes very 
much diminished, constituting the remainder of the primary 
bark. 

When, however, the formation of cork does not remain con- 
fined to the periphery, but forms also in the interior of the 
bark tissue, the middle bark, by means of cork bands, can 
become entirely separated and thrown off. This process, the 
formation of bork or rhytidoma,* can also extend to the inner 
bark. If, through peeling, the bork-scales themselves are also 

^ *Eh, k^ out of, from, and q>X6tov bark. 

" Mi6o% middle. 

8 'Pvri^y fivrido^ fold, wrinkle; dooudoo I build. 
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removed, such a bark then consists at last almost exclusively of 
the inner bark, as, e. g., the Cinchona calisaya and Coto hark. 

The inner bark is intersected by medullary rays (bark I'ays) 
which, upon a transverse and longitudinal section, are often 
plainly perceptible, without being magnified, as delicate lines. 

The fracture of barks [that is, the appearance of a fractured 
surface], which is frequently a very useful characteristic, on the 
other hand, chiefly depends upon the fibres in the secondary 
bark (bast-bundles), upon the degree to which the elements of 
the same are thickened, and upon the form of combination of 
their prosenchymatous cells. 

It is to very long, soft, and intertwining bast-fibres that Cortex 
Mezerei (Mezereum), as likewise the bark of Radix AlthmcB, owe 
their eminently fibrous character. The Cinchona harks are brit- 
tle, because their strongly thickened bast-tubes remain short and 
are usually isolated. The outer surface of Ceylon cinnamon 
admits of the ready recognition of the long, wave-like bast-bun- 
dles, which here and there intersect each other. 

The cork (outer bark), is usually rejected, since it contains 
no active constituents. If it be thin, it often remains preserved 
on the bark, and can afford good means of distinction. Of the 
cambium, it is but seldom that remnants are preserved, since its 
cells possess very delicate walls. 

Occasionally entire annual plants, or those of a few years* 
growth (without the roots) are employed. In pharmacognosy, 
these are then spoken of as herbs. 

Uerbs {Herhce). These are the leafy shoots of phaenogams 
which, beside the leaves and tenderer portions of the stem (the 
main axes are often removed) may possibly contain individual 
flowers and fruits, or the entire inflorescence and collection of 
fruits. There are no reasons for the exclusion of these struc- 
tures which often accompany the leaves, and frequently it would 
be virtually impossible, as, e. ^., in the case of Herha Centaur ii, 
Herha Meliloti, Herha Serpylli, etc. 

Not unfrequently, the form of ramification of the shoots is of 
diagnostic importance in the case of herbs. The different systems 
of ramification may, therefore, be considered here in a few words. 
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The formation of homologous axes is called ramification. An 
axis, together with its branchlets, is called a system of ramifica- 
tion. The systems of ramification appear in two principal 
forms. 

1. The dichotomous system (the axis ceases to increase in 
length at the apex): 

(a) Forked dichotomy.* Directly beside the apex which 
extends no farther in growth, there arise two new axes which 
deyelop equally, and can form the bases for further ramifica- 
tions. 

(5) Sympodium * (in a more restricted sense). With each fur- 
cation an axis is developed, ultimately stronger than the other. 
The basal portions of the successive furcations form a pseudo-axis 
(sympodium) on which the more feebly developed axes are at- 
tached as lateral branches. Such a sympodium can consist either 
of the forked branches which are always of one side (bostryx), 
or of forked branches which are alternately of the right and left 
side (wickel or cincinnus). 

2. The monopodial system » is produced by the main shoot 
continuing to grow, and forming lateral branches below the 
apex. 

The monopodium can be either racemose^ L e,, when the 
main axis, even at later periods of growth, is always most 
strongly developed, or cymose, when the lateral axes overtop the 
main axis. In the latter case a pseudo-axis may be formed. 
Eegarding this compare the subsequent remarks under inflores- 
cence. 

Exogenous * formations which arise laterally on the organs of 
the stem in acropetalous * succession, and have a different form 
from the stem which produces them, are called leaves. 

The leaves arise densely crowded on the summit of the stem. 
If the parts of the stem located between two leaves become ex- 

* AixoxbpLojt cut in two {pixot. twofold) parts {rejuvoo cut). 
^2vv entire, united, and Ttovi, TtoScs foot. 

8 M6vo5 single, and n:ov$ foot. 

^ *EXf k^ outside, and yevo$ formation. 

* *AHpc^ point, and petere to strive after. 



THE LEAVES. 65 

tended, there are formed the internodes.' The parts of the 
stem bearing the leaves are thus called the nodes. These are 
■occasionally swollen {Polygonaceie, Fiperacem, and the grasses). 
The place of attachment of the leaf is called the point of inser- 
tion,'' According to the distribution of the leavea on the stem, 
there are distinguished the spirally arranged {Ghenopodium), 
crossed or decussate* {Labiata), and whorled leaves {Juni- 
perus). 

The stalked leaves admit of the distinction of the leaf-stalk or 



7iQ. 8.— Leavw of XuaUjiptiu globui\i» LabtU. (BeterophyUy), a, s&bre-shaped 
leaC ot an older branch; (, heart-abaped leat ot a rouager braach. The oil cells are 
ladlaated br data. (T«chirch, tn PKarm.. Zeitung, 1681, Ho. 88.) 

petiole (^e^Mws) and the leaf -blade or lamina; * on the boundary 
of both these parts there often appears a small membrane or 
ligole (ligula). The base of the leaf-stem is often developed as 

1 Inter, between, and nodus, node or joint. 

* Inserere, to insert. 

* Deetusare {decussio = the number ten), to divide in form of an X 
<i. e., crosswise), 

* Lamina, a ttiin plate. 

5 
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a broad sheath (vagimt), and Burrouada the stem in a ttihe-like 
form. With the leaf-sheath are also to be claaaed the stipules 
(stipulis),' which are mostly of different, but occasionally of 
the same form and color as the main leaves {Asperula), and oc- 
cur at the base of the latter. 

The form of leaves is very multifarious, although those which 
are developed in a broad, flat form decidedly predominate. 
If one and the same plant possesses differently formed leaves 
at different places, it is cal\ed heterophyllous' {Eucalyptus, 
Fig. 2). Since the leaves serve principally for the assimilation 
of carbonic acid in the light, they present their broad, green 
surfaces to the sun. This applies, however, only to the true 



Fra. 8.— Rhiioine of 'flroHoto pflcfnaKi, with roola. a—b, rhizome; at 6, Uie ter- 
mlD&lbud; d, under orradlmentary leaf; c.aaliaotlaBuing In)m tlie udlorarudimeu- 
lary leaT, and Uicewlse provided with rudimeatary leaieEk 

Foliage leaves {Folia), which are chiefiy met with in the 
region between the root and the flower. It is otherwise with the 

UnDEB-LEAVES or CATAPHYULA {squamcEY, which are inserted 
chiefly on the basal portion of the stem, and on the rhizomes, 
stolons, etc., with a broad surface (Fig. 3). They are for the 
most part brownish or pale in color, and to be regarded as 
protecting envelopes for the tender, growing portions. The 
fleshy bulb-scales are likewise rudimentary or under-leaves 

' Properly halm or straw, on account of their dry, membnuious con- 
Butence. In Germaii, Nebenhl&tter, 
' Erspoi the other, and gtiiXXov leaf. 
■ Squama, scale. 
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(Fig. 1, t). Such appear^ however, also as bud-scales, on the 
upper portion of the stem, enveloping and protecting the young 
leaf-buds; they have here the same function. 

The germinating leaves or cotyledons * must also be regarded 
as rudimentary leaves. These possess, however, as we shall sub- 
sequently see, quite another function. 

The third form of leaves are the high leaves or htpso- 
PHYLLA {bractecB),^ These belong to the inflorescence, are like- 
wise small and mostly delicate, and serve often as protecting in- 
teguments (the glumes of grasses). 

The leaves, particularly foliage leaves, are often entirely (as 
with the stipules ' of Smilax) or in part (many PapilionacecB) 
converted into tendrils, although, on the other hand, all tendrils 
are not metamorphosed leaves ( VUis, Ampelopsis, Fassiflora). 

The most manifold forms and colors are assumed by the ele- 
ments of the last leaf formation, the flower. While the leaves 
of the calyx {sepals) still possess a purely leaf -like nature and 
are mostly green, the leaves of the corolla (petals) appear colored 
and often of a particular form, the staminal leaves become con- 
verted into structures of quite another form (stamens), and the 
pistil-leaves closed together to form peculiar receptacles (ova- 
ries). Nevertheless, the flower must be considered as the sum- 
mit of a branch, encompassed by manifold leaf organs. 

The summit of a branch or axis bearing the flowers (receptacu- 
lum, hypanthium, torus) is, as a rule, either conical or flat, but 
can also be enlarged in a broad or cushion-like form and be- 
come a disk * (Rutacece). If the disk lies within the circle of 
stamens, it is called an intrastaminal disk.* 

There occur, however, also extrastaminal disks (JEscuUnm), 
The disk generally bears honey-glands or nectaries'; the latter, 

' KorvXtf cavity, pan. 

' Bracteat a thiD, small leaf of wood or metal. In German, Hoch- 
bldtter or DeeJebldtter, 

* In German, Nebenbldtter, 

* JtdHo$ disk. 

^ Intra, within. 

* Nectar, the drink of the gods, honey, a sweet substance. 
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however, also appearing as appendages of the perigon {Ranuncu- 
lus), or as metamorphosed parts of the perigon itself {spur), or 
even as appendages of the stamens {Cruciferce, Lauracem). 
The form of the nectaries is also exceedingly variable. In the 
case of Euphorbia Oyparissias, for example, they have the 
shape of a half -moon. 

The flower-stalk or peduncle bears the flower {flos) which, in 
consequence of the bright colors of its corolla, attracts the insects 
for fertilization. This is the physiological significance of the 
color and f ragance of the flower. Insects are especially attracted 
by the Idbellum of flowers of the OrchidaceaB (the posterior leaf 
of the inner perigon circle) and of the ZingiberaceaB (the meta- 
morphosed lowest stamen of the outer staminal circle), as also 
by the vexillum of flowers of the Papilionacese (the uppermost 
petal). 

When in a flower both the calyx and corolla are present, 
the leaves of the calyx or the sepals {sepaW) are mostly green, 
while the leaves of the corolla, or the petals {petala^), are of an- 
other color. When both cannot be distinguished, or one of them 
is wanting, the floral envelopes are spoken of as a perigon.^ 
When the individual leaves are united or coalescent, the floral en- 
velopes are termed sympetalous,* gamopetalous * (synsepalous, 
gamosepalous); when they are separate, choripetalous ' (chori- 
sepalous), or also spoken of in general as gamophyllous and 
choriphyllous. 

According to the arrangement of the floral leaves in the bud, 
there are distinguished the following forms of aestivation : 

Valvate {Malva, Vitis), Fig. 4: a; 

Imbricate ( Geranium, Veronica, Rosa), Pig, 4 5 and 6 ; 

Convolute {Oentiana, Phlox), Fig. 5 ; 

Plicate or plaited {Campanula), Fig. 7 ; 

^ Separ, divided (?) 
^ nizaXov leaf. 

'iTc/)r' around, and ydvo^ brood, seed. 
^2vv together, and niraXov leaf. 
' ^rdjjioi marriage, BiXkA'TteraXov leaf. 
• XaoptXao to divide {x^op^S separated), and TteraXov leaf. 
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and, according to the disposition of ordinary leavea'in the bud, 
the conduplicate, plicate or plaited, involute, revolute, circinal 
or circinate, and corrugate or crumpled forma of vernation (ver- 
natio). Compare also the diagrams in figures 11-15. 





FiQ. 4 a.— VolTate teetlTatlan {Vitit). Fii 

After flowering, the perigon, as a rule, falls off. In some 
cases, however, it takes part in the formation of the fruit. It 
remains either herbaceous (ChenopodiaceEe, Polygonacese), or 
becomes soft like a berry (Morus), or grows out in a hair-like 
form {Eriophorum). The calyx, by subsequent enlargement, 
often becomes the calyx of the fruit {Hyoscyamus, the Borragi- 
naceoe, Physalis), and serves them for the protection of the lat- 




^ 



FiQ. 5. — Convolute (eelivatiOD {Fhiox) ; a, elerated view ; b, oatllne. 

Fio. 6,— Imbricate eesUvMlon (F«ronfcti), a and b as la Fig. G. 

Fio. r.— Hicate or plaited tesOvotlon {Campanvia), o and 6 aa In FiR. B. 

ter. Occasionally, however, there appear in its place structural 
appendages which are comprehended under the name of pappus ' 
(the Compositas, Valeriana). The latter are either bristly or 

' ndicnoi crown of hairs on the fruits of the Dandelion and the Let- 



1 
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hair-like^ and serve as organs of distribution^ as well as of attach- 
ment of the fruits. 

In plants of the Malvaceae, there even appears, outside of 
the true calyx, an involucre of high leaves or bracts, forming an 
outer calyx (calyculus). In Fragaria, the outer calyx is formed 
from the stipules of the calyx leaves or sepals. 

Occasionally the perigon is reduced to small scales (lodiculcB), 
as in the case of many grasses (compare Pig. 11, I), certain spe- 
cies of Aconitum, and others. 

The andrceceniii * of the flower consists of the stamens.' 
They form the male or fertilizing organs, and bear upon a long 
stem (filament), which is occasionally branched or expanded in 
a leaf -like form at the base, the receptacles of the pollen grains, 
namely, the pollen-sacs in the anthers.' These receptacles, which 
are mostly two in number, constituting the so-called halves of the 
anthers or thecce,* are held together by the connective,* and, as a 
rule, contain, in each, two pollen-sacs, lying one above the other. 
There occur also so-called monotheeous anthers {Ricinus, the 
Malvaceae). It is rarely the case that one-half of the anther is 
fertile, and the other not {Salvia), The connective, which is 
mostly short and but slightly developed, becomes occasionally 
long and thread-like {Salvia), and then holds the anthers wide 
apart. In other cases ( Tilia),, it forms a wide bridge. Barely 
are the anthers destitute of filaments, or sessile. 

In order to discharge the pollen, the anthers open mostly by 
a longitudinal line or chink (cleft, rima), more rarely by valves 
(Lauraceae). If they dehisce toward the interior, they are called 
introrsej* if, on the contrary, toward the exterior, eaj^rorse.'^ The 
pollen is mostly granular, and readily becomes dust-like ; in the 
Orchidaceae and Asclepiadaceae, it forms glutinous masses {pol- 

^ *Avijp a man, and oixo^ house. 
' Stamen, warp on a loom, thread. 
**Av^7fp6s blooming. 

* d^Tf/xTj a receptacle. 

* Connectere^ to connect. 

* Introrsua (introversus), toward the interior. 
' Extrorsua, toward the exterior. 
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iinaria, polUnia). The pollen grains, like to the spores of 
of the cryptogams, possess a variously marked outer coat {exine), 
provided with bristles or prickles ; by the development of the 
pollen tube, the intine projects in a sack-like form through the 
€xine. 

If the stamens have all coalesced to form one bundle, they are 
called monadelphous^ (GeraniaceaD, Linaceae, OxalidesB); when 
coalesced to the number of two or several, polyadelphous' 
{Papilionaceae). The stamens may, however, have coalesced 
with the perigon {Symphytum) or with the gynaeceum, when 
they are called gynandrous^ (OrchidaceaB, Aristolochiae). In 
the latter case, the style, stigma, and anthers form the fructi- 
fying column (gynostemium).* 

Occasionally the stamens develop leaf, horn, and pocket-like 
appendages which, in the case of Asclepias and Vincetozicum, 
assume the form of an inner crown {corona staminea). 

Sterile stamens are called staminodiums (Lauraceae, Linum, 
Zingiberaceae). 

The gynsecenm^ (pistil") of the flower, the female sexual 
organ of the plant, is formed of the fruit leaves or carpels,^ 
which are mostly closed to form one vessel, the ovary, contain- 
ing in its interior the seeds. If but one carpel takes part in 
the formation of the ovary, the latter is called monomerous;^ 
the side traversed by the mid rib of the carpel is then the pos- 
terior side, the line of coalescence of the leaf-edges the vejitral 
suture. Through the formation of false dissepiments or parti- 
tions, the monomerous ovary, which is usually unilocular, can 
become multilocular. When several carpels become united, the 
ovary is polymer ous. " 

* Mbvo% one, and a^e/l^ds brother. 

* IIoXv5 many, and a^eA^ds, 
' rvvTf and dvTJp, 

*rvv?j a woman, and ^rrjuoov stamen. 

* rvvTj wife, yvraiKeiov female household. 

* Pistillum., pestle. 
^ KapTtos, fruit. 

8 Mdvo5 one, smdluipos part. 
•iZoAvi many, and /£fpo5 part. 
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If the ovary is superior, i, e., if it occupies the uppermost part 
of the flower, and the stamens and perigon are inserted below it, 
the flower is called hypogynotis' (Potentilleie) (Fig. 8, a); if, 
however, the aDdroeceum and perigon are elevated above the 
ovary upon a cup-shaped, annular wall, by means of an axial 
ring of the hypanthium located below the ovary, which latter 
then remains at the baae of the cap, the flower is called perigy- 
nous ' (BoseEs) (Fig. 8, 5); if the cup is now firmly closed at the 
top, there is formed the epigynous flower ' (Pomese) (Fig, 8, c). 
In the two latter cases, the ovary is inferior. 

The ovary is unilocular (Fig. 21) when the carpels are united 
by their edges ; multilocular when the carpels are tamed in- 




I, perigynous ; c, eidgynous flower, lonxitudtrutl BecUon. 



ward, and are in contact by their surfaces (Fig. 80). Through 
the formation of false dissepiments, a polymerous ovary can also 
become further divided (Labiatce : 3 carpels and 4 compartments 
or cells [nutlets or achenia], Linum), or a unilocular ovary can 
become multilocular {Cruciferae, Papaver). The false dissepi- 
ments, which, moreover, often produce but an incomplete divi- 

' Tito under, yvvij a woman (piatil). 
' iTepi'about, yvv^ 
•'Eiriupon, yvvi). 
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sion {Papaver), are for the most part extended growths of the 
placenta. 

If a flower contains stamens and an ovary, it is called herm- 
aphrodite^ (^, as in most of the higher plants); when these 
are contained in separate flowers, they are called diclinous or 
unisexual^ (TJrticinae). If diclinous flowers, the male ( ^ ) as 
well as the female ( $ ), are found on one and the same plant, the 
term monoecious is applied" (Juglandeae); if the male and female 
flowers occur on different plants, they are called dioecious * 
(Salicineae, Cannabis, Humulus); when upon the same plant 
there are found unisexual as well as hermaphrodite flowers, the 
plant is called polygamous * (many Compositae). 

When several carpels occur, these are mostly coalescent in the 
ovary, as also in the style (syncarpous gynaBceum, as in Malva). 
They can, however, be free from each other (apocarpous gynae- 
ceum, as in Bubus), and generally in all polycarpic flowers), 
or only coalescent in special places (partially apocarpous, as in 
Asclepias Cornuti), 

The style, the upward extension of the carpels, bears the 
stigma. The stigma is either simple (Fig. 10) or branched (Fig. 
9) (Crocus, Euphorbiaceae), feathery, tufted (Gramineae), often 
capitate, or even extended in a disk-like form, as in Asclepias 
and Vincetoxicum.^ It is, as a rule, provided with papilla* 
(Fig. 9 in 3), and secretes a glutinous liquid. If the pollen 
grains of the anthers fall upon the stigma, they develop long 
tubes (pollen tubes. Fig. 10, u), which penetrate downwards in 
the conducting tissue of the style (^), as far as the ovules, and 
here effect the fertilization. The fertilized ovules then develop 
to form seeds. 

Fertilization with other plants of the same species affords,. 

' 'EpjLia<pp6Stro5 bisexual. 
' Ji3 double, and xXivi] bed. 
^Mbvoi one, and oixo^ household. 
^Mi double, two, and omoi household. 
^IIo\v$ many, and yduo^ marriage. 

*In the last-mentioned plants, the stigma also bears clamp-like 
bodies, to which the pollinia are attached. 
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even in hermaphrodite flowers, a greater supply of eeed. Fer- 
tilization with the pollen of plants of other species produces, 
when successful, so-called hybrids. The transmiedoii of the 
pollen takes place either through the agency of the wind {ane- 
mophilous plants), or more frequently, by insects (entomophileut 
or zoidiophilous ' plants). 

If a flower is projected on a plane, t. e., if represented in such 
a manner that, when seen from above, only the points of inser- 



Fia. V. Fia. 10. 

Flo. O.—Crwnu mtivui. I, the tbree-Umbed Htigma ; 2, summit of & Umb ot the 
stigma, mare Etrongt; magolfled ; 8. a aectlon ot the edge of the etlgma, with the papll' 
ke (Hager). 

Fio. 10.— Schematic figure lor tlieeliicldatioa or tbe proceaa of f ertjlizatloo. n Btlgma 
with the papillffi (u), and three pollen graiiw alreadf provided with protruding pollen 
4ubea In). Of the latter, one has already peneCrSited througti the mlcrop; le |n>), and 
feiiJllzeg the embryon&l vesicle (b) contained In the embryo-Hac 1'$). p outer, « inner 
Integument ; c Inner, h outer funiculus ; t, nucleus ; at a later period, occaalonall; pass- 
ing into perisperm (the eodogperm orlghiateB from the embiroHsac) ; o, pericarp. 

tion of the separate parts of the flower are delineated by corre- 
sponding outline figures, a diagram' of the flower is obtained. 

i'Aveuoi wind, ZoSoy animal, and ■pAoj friendly, loving. 
' From Sia through, and ypd<pexv to write. 
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In the diagram the stamens are represented by small circles^ the 
staminodia or abortive stamens by crosses (Fig. 11)^ and the 
perigon leaves by segments of circles (Figs. 12 and 13). . The 
abortive/ i, e., the defective or suppressed parts of the flower, 
are designated by dotted lines. 

Ordinarily, the individual parts of the flower are arranged in 
circles (cycles),* the members of which alternate with each other 
(Figs. 12 and 12), so, indeed, that each member of a successive 
circle, with regard to economy of space, always lies between two 
members of the preceding circle. In a typical dicotyledonous 
flower (Fig. 12), for example, the five corolla leaves lie between 




FlQ. 11. 

Dia^^ram of a flower of the GraminesB. 6, palea inferior; v, palea superior ; l^ lodi- 
culsB or i)erigon leaves developed as small scales (Tschirch). 

the five calyx leaves ; the first circle of stamens lies between the 
corolla leaves — ^therefore in front of the calyx leaves or sepals, 
the second circle in front of the corolla leaves or petals, etc. 
Such a fiower is called diplostemonous,^ as in most of the phae- 
nogams. If, however, the first circle of stamens lies above the 
corolla leaves (thus epipetalous), and the second above the calyx 



^ Abortus, miscarriage. 

• KvxXoi circle. 

^JtieXdos double, 6r7fuoov stamen, thread. 
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leaves (tbns episepaloue), the flower is called ohdiplostemonoua ' 
(Gminalea, Orassulacete, Saxifragacece). 

According to the number of circles of the parts of the flower, 
the latter is epoken of as tri-, tetra-, or pentacycloua ;' and accord- 
ing to the number of members of the circle, as tri-, tetra-, or 
pentameroua' circles. The typical dicotyledonous flower is 
pentacyclouBrpentameroua (Fig. 12), the typical monocotyledo- 
QOUB flower (Fig. 13) pentacycloas-trimerous. 

In addition to a drawing (projection of the flower upon a 
plane), or by means of a diagram, the structure of the flower 




Fio. 13. Fio. 18. 

Fio. IS.— l^plcal digram of a. dlcotyledonouB flower. 
Fig. 18.— Typical diagrsja of a, mouocotyledouous flower (UUAces) (Tnliirch). 

can also be expressed by formulas,* as e. g., the typical dicotyle- 
donous flower : 

K (calyx) 5 

C (corolla) 5 

A (audrceceum) 5 + 5 

G (gynseceum) ( 5 ) 
which indicates that the andrceceum consists of 3 pentamerouB 
circles, and the gynsecenm of a superior ovary [ (5) ], formed of 
fi coalesced carpels (Fig. 13). If a circle is defacient, it is de- 

' Ob, opposite. 

' Tpii, rezpa, nevzs (three, four, five), xvxXoi circle. 
• Tpii, rerpa, itivre (three, four, five), fie'poi part. 
' See under Andrceceum in Eichler'a " Syllabus." 
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eignated by the mark 0, for example, in the ilower of the 
OraBaea (Fig. 11): 

K 

2 

A 3 + 

0(2) 
or, since there is usually no di&erentiation of calyx and corolla 
in the monocotyledons' : P (perigon) + 3, A 3 + 0, etc. 

If the ovary ie inferior, it is expressed by a stroke above, for 
example, G (3). 




, vezillum or standard ; 



Via, IB.— Diagram of a 
aacendlDK In the calyx). 
(TBChircb). 

Coalescence is indicated by parenthetical marks, as (3) = two 
coalesced leaves ; detlupUcatton or chorisls,' French Mdouhle- 
ment,' i. e., division of an organ into two or several parts by 

■ M6ro5 alone, eingle, and MorvXTj, 

' XonpiZi" to separate. 

' DidoubUment, duplication. 



1 
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an added exponent, which denotes the number of the parts, for 
example, 2*. 

If a flower can be divided into two equal halves (reflex images) 
by several dissecting lines drawn through its central point, it is 
called regular or actinomorphous * (©) (Figs. 12 and 13). Such 
flowers, however, which can only be symmetrically divided by 
one section, are called monosymmetrical or zygomorphous^ (^) 
(Pigs. 11, 14, 15). 

If the only possible symmetrical section lies in the median 
plane ( | ), the flower is called median-zygomorphous {^), as 
in the Labiatsd and PapilionaceaB, otherwise oblique-zygomor- 
phous (7^), as in Hyoscyamus, or transverse-zygomorphous 
(->), as in Fumaria, If flowers can in no manner be symmetric- 
ally divided, they are called asymmetrical,^ as in the Zingiber- 
acead. 

The place where the bract accompanying the flower is located 
is represented in the diagram either below or in front. The 
first leaf of the flower is then located for the most part opposite 
the bract, either above or in this rear. 

Through subsequent inversion (resupination), the position of 
the flower to the bract is occasionally reversed. Thus the label- 
lum of an orchideous flower in its natural disposition is located 
in the rear and above, and only subsequently, through reversion 
of the ovary or of the peduncle, is brought forward and below. 

The individual flowers often combine to form the so-called 
inflorescence. According to the form of ramification, the fol- 
lowing are distinguished : 

L Eacemose Inflorescence. — The main shoot (axis, rachis) 
is not over-topped by any of the lateral shoots produced thereon, 
in an acropetalous manner. 

'1. Spike (spica). The fiowers sessile on the axis 
(Fig. 16 a) {Car ex), to which belongs also : the 
catkin (amentum), when pendulous and falling 
[^ off as a whole {Juglans). 

^ ^AHr/$ ray, and pLopq>rf form. 

8 Zvyor yoke, and fiopipri form. 

' A privativum, and dvuuerpo^ symmetrical. 



Elongated 
axis. 
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Elongated 
axis. 



Shortened 
axis. 



I 



2. Spadix. The flowers sessile^ axis fleshy^ and 
inclosed by a sheath (spathe) (Aroidess). 

3, fiaceme (racemus). The individual flowers have 
I long pedicels (Crnciferse) (Fig. 16 J). 
'4. Head or Capitulum. The flowers sessile on a flat- 
tened or head-shaped axis (Compositae) (Fig. 
16 d and e). 

5. Umbel (umbella). On the axis, which is abbrevi- 
ated to 0^ originate nnmerons flowers with stalks 
or pedicels of equal length (TJmbelliferaB). The 
umbel is often compound, so that small um- 
bels (umbellets) stand at the end of every ray. 
The umbels and umbellets are then mostly sur- 
rounded by a circle of bracts, called the involu- 
cre or involucel (involucrum, involucellum) 
(Fig. 16 c). 

11. Cymose Inflorescence. — The main axis is over-topped 
by one or several more strongly developed lateral axes. 

f 1. Cyme (cyma*). Below the terminal flower origi- 
nate numerous, mostly equally strong lateral 
shoots {EuphorbicB) (Fig. 16 g). 

2. Dichasium.' Below the terminal flower origi- 
nate two equally formed lateral shoots (false 
dichotomy) Valerianella (Fig. 16 m). 

3. Bostryx.' The over-topping lateral shoots of 
successive members arise on the same side of 
their main axis (Fig. 16 I). 

4. Cincinnus.* The over-topping lateral shoots 
arise alternately on opposite sides of their 
main axis (Asperifoliacese) (Fig. 16 h and t). 

By the combination of several types of inflorescence with each 
other is formed a compound inflorescence. To this belong the 
corymb (Sambucus) and the anthela. 

1 KvMcc the young stalk of the cabbage. 

' From dii twofold, and x^<^^^ cleft, separation. 

• Bodrpv^ curl, tendril. 

^ A curl of hair. 



Without 
Fseud^axis. 



i 



With 
Pseud-axis. 
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Finally, there is also to be mentioned the particular form of 




7-7^ 



inflorescence of the Euphorhice, which is designated as a cya- 
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thium. In this case, the cup-shaped hypanthium bears numer- 
ous male flowers (each with one stamen), and a long-stalked 
female flower. 

Pharmacognostically, there belong to the flowers and forms 
of inflorescence, the developed, complete, officinal, separate 
flowers of the phaenogams, and likewise the buds of individual 
flowers, for example, CaryophylU. Furthermore, undeveloped 
forms of inflorescence, Flores Cince {Santonica), as well as the 
expanded inflorescence, such as Flores ArniccBy Flores Chamo- 
millcB, Mores Koso {Brayera) consist of the inflorescence from? 
which the petals have fallen. In the case of the compo- 
site flowers, the involucral scales are still present in the drug,, 
perhaps with the sole exception of Flores Arnicce. Finally, 
Flores Bhosados, Flores Verbasci and Flores Rosea represent 
only the petals or corollas, and Crocus only the stigmas. 

From the ovary with the ovules there is produced, after fer- 
tilization has taken place, the fruit containing the seed. 

Fruits, aggregate or collective fruits, or parts of fruits of the 
angiosperms and gymnosperms are officinal with or without the 
seeds. For the rind (pericarp) of the Aurantiese, which in the 
fresh state is juicy, the customary, though incorrect designation 
of cortex may be retained here, in order to avoid the introduc- 
tion of a new term. 

By the term " fruit^^ we mean here only the ovary which, as 
a result of fertilization, is in process of maturing, or has already 
become fully matured. Its outer wall, and the dissepiments and 
placenta, may thereby suffer the most manifold changes, by 
which other parts, including those not belonging to the flower, are 
also frequently affected, as, e, g,, in the case of the. fig, Fructus 
Juniperi, the apple and strawberry, which are therefore to be 
designated as pseudo-carps. 

In the fig, as likewise in the strawberry and the apple, the 

upper part of the axis participates in the formation of the- 

(pseudo-) fruit (hence the name : hypanthodium *), which in all 

three cases assumes a fleshy character. In Juniperus, however^ 

it is the three bracts of the flowers which become fleshy. 

^From vico under, and av^o% flower. 
6 
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The wall of the ovarj which hecomes developed to form the 
Beed-vesBel is called the pericarp (pericarpinm '). On the latter, 
from the exterior to the interior, there may often be distiii- 
gnished three layers, diflering in their structure or their color, 
the epicarp (epicarpium '), mesocarp (meeocarpium '), and endo- 
carp (endocarpium'). 

The outer coating of the fruit often shows completely the 
structure of the epidermis, i. e., it is provided with a very strong 
cuticle and with stomata ; often, however, it is formed to a 
predomioating extent of stone-cells (sclerenchyma). The variety 
of the tissues and their contents is still greater in the middle 
layer (mesocarp), which in many fruits consists of fleshy, juicy, 
or even very loose tissue. When its cells contain an abundance 
of juice and flnally lose their coherence, it is designated as pulp. 



as, e. g. in the legume of the tamarind. The inner layer of the 
fruit (endocarp) originates from the epidermis of the cavity of 
the ovary, and often develops into a hard stone-ahell, as in the 
case of the almond. It is, however, not always the case that a 
discrimination can be made between the three layers of the 
ripened seed-vessel, and their relative development is very 
variable. 

Of aggregations and forms of fruits, the following are distin- 
guished : 

' Jlepi about or around, xocpxoi fruit. 

• '£«i'upon. 
'Me&oi in the middle. 

* EvSov within. 
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The multiple fruit (syncarpium '), formed by the coalescence 
■of several monomerous ovaries {Star-anise, Rubus idmus). 

The mericarp (mericarpium '), double akene, is formed by the 
separation of the compartments of a innltilocular ovary ; the 
separate fruits thus produced are called schizocarps' (TJmbelli- 
ferae, Fig. 17). 

With these may also be classed the jointed or articulated 
fruit {Rapkanus raphanistrum), the mericarps of which ara 
akenes. 

The axis on which the two schizocarps of the Umbelliferie 
are suspended is called the carpophore.* The main or primary 



Fia. lS.—Pi*mn aotiuum. Legumee. a, tip ; b, base; v, ventral suture ; d. doraaJ 

ribs of umbelliferous fruits are called costiB or jug<B ;' the sec- 
ondary ribs, coslm secundarite ; the grooves lying between them, 
valleculm' (Fig. 184). In the latter are located, when present, 
the oil-tubes or viltw/ 

' Svy together, xapttoi fruit. 
' Mepoi part, xapxoj fruit. 
'SxiZoo I split, ttapxoi fruit. 

* Kapn65 fruit, aud ipipsiv to bear. 
' Juga, ridge. 

* DiminutiTe of vallia, valley. 
' Vitta, band. 
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There are furthermore distinguished : 
I. Dry Fruits : Pericarp woody, coriaceous. 

{a) Indehiscent fruits, not opening by valves or regular 
lines. 

1. Nut (nux), having a hard pericarp {Cannabis). 

2. Caryopsis * (or Grain) and Akene," having a leather- 

like, membranaceous pericarp (Gramineas, the ce- 
reals). 
With these may also be classed the Samara, or so-called 
winged-fruit, an akene which, through a subse- 
quent growth of the pericarp, appears winged 
{UlmuSy Betula). 

3. Meri carps (see above). 




Fig. 19.— Silique of Brnssica oleracea. 1, closed ; 2, opened, one valve removed ; Vy. 
the other valve ; d, partition with the seed. 

{b) Dehiscent fruits : opening by valves or regular lines^ 
containing several seeds. 

1. Follicle (folliculus^), formed of one carpel, and 

dehiscent by the ventral suture {IlUcium ani- 
satum), 

2. Legume (legumen), formed of one carpel, but also 

dehiscent by the dorsal suture (Fig. 18), often 
with false dissepiments (Leguminosae). 

3. Silique (siliqua), of two carpels. The latter sepa- 

rate from each other first at the base ; on the parti- 

1 Rdpvov nut, oTpti appearance. 

' ^AxocLytov (from a privative, x^^'^^ J open), a fruit which does not 
open. 
' Diminutive of folXis, a sack or tube. 
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tion which remains attached, the seeds are loca- 
ted (Cruciferse) (Fig. 19). 
4. Capsule (capsula), formed of several carpels, dehis- 
cent longitudinally from above (Fig. 20), more 
rarely from below, or ultimately opening by a lid 
(Pyxidium, Fig. 21 : as in Hyoscyamus, AnagaU 
lis), or by holes (pore -capsule, as in Papaver 
somniferum). 
The dehiscence (dehiscentia) of the capsule is septicidal * (or 
through the dissepiments, in fruits opening by their sutures, 
MelanthieaB, Fig. 22 a), when in the case of a multilocular ovary 
the coalesced dissepiments become separated from each other 






Fio. ao. Fia. 21. 

Fig. ^.—Chlchicum autumnale^ capsule dehiscent (septicidally) from above (Hager;. 
Fig. 21.— Hyoscyamita niger, capsule dehiscent by a lid. a, closed ; 6, opened. 

{Colchicum, Sabadilla); locuUcidaV {in frmt& dehiscing through 
the cells of the pericarp : Lilieae), when each carpel becomes 
split in the middle (Lilium, 8ciUa, Aloe). If in the latter case 
the column of the dissepiments with the seed, separated from 
the wall of the capsule, remains standing in the middle, the 
dehiscence is called septifragaV (Fig. 22 c). In septifragal 
dehiscence, the opening may take place from below {Geranium), 
or from above (Balsamineae, Epilohium). 

II. Fleshy Fruits : Pericarp mostly fleshy. 

* Septum^ dissepiment, and ccBdere, to cut or to break. 
*Lo€ulus (diminutive of locus), compartinent, and ccedere. 

• Septum, and frangere, to break. 
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1. The Stone Fruit or Drape (drupa *), endocarp very 

hard, not dehiscent {Amygdalus, Juglans). 

2. The Berry (bacea), endocarp and mesocarp fleshy, epi- 

carp often hard (the grape, currant, date). 

Occasionally the fruit is inclosed or surrounded by a body 
which is mostly cup-shaped, termed a cupule (cupula). In the 
case of the oah, this is formed from four coalesced bractlets. 
The tanning material known under the name of '^ valonia,^' con- 
sists of the cupules of the fruits of Quercus Vallonea Kotschy. 

In the seed-vessel, formed of the carpels, are contained the 
ovules (ovula ''). The latter consist of the funiculus ^ or podo- 
sperm, with which they are attached to the wall of the ovary, 
or to some special part of the ovary called the placenta,* which,. 






Fio. 22.~Forms of dehiscence of the capsule, a, septicidal ; &, loculicidal ; c, aepti- 
fragal. 

according to its position, is termed basal, central, or parietal ;* 
the integuments,^ forming one or two coats (Fig. 10 p s)» which 
in front do not close completely, but leave an opening (the 
micropyle,^ Fig. 10 m)] and the kernel or nucleus (Fig. 10 t), 
containing the embryo-sac (Fig. 10 g'), in which the embryo* 
is formed (compare Figs. 23, 24, 25). 

^ Drupus, ripe and ready to fall. 

* Diminutive of ovurrif egg. 

^ Diminutive of funis, a rope or cord. 

* Placenta, a cake, from a remote analogy with the placenta of the' 
higher animals. 

'^Paries, wall. 

* Integumentum, a covering or skin. 

' MiKfio^ small, tcvXtj gate or entrance. 
^"Ejiifipvov the unborn fetus in the womb. 
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These ovules, after haying been fertilized, constitute the seed. 

That portion of the fruit of phanerogams which is formed 
from the ovule and contains the developed embryo is called the 
seed. Before the latter are utilized, they are, for the most 
part, completely freed from the seed-vessel. In the case of 
some seeds, the seed-shell or testa and the inner membrane are 
also removed. 

The seed consists of the seed-coats or integuments and the 
embryo, and frequently, in addition thereto, of the albumen.* 
The former usually consists of an external, firm, occasionally 
very hard seed-shell or testa,* which is invested with a thin, but 
often very tough inner membrane ; this may readily be removed, 
especially after softening in water, as in the case of the 
almond, coffee and Semen Eici7ii, so that the kernel of the seed 
alone remains. Semen, Quercus consists, in the commercial 
form, exclusively of the kernel, the two cotyledons without the 
membrane of the seed. With Semen Myristicce or the nutmeg 
(as also with Cacao), on the contrary, the membrane penetrates 
into the kernel or nucleus, and in the case of the former, for 
example, cannot be separated in a connected form. 

The testa is formed from the integuments of the ovule. For 
its first development the embryo requires a special supply of 
nutritive substances, which may be stored in the tissue of the 
embryo itself. In this case, a particular albumen is not present, 
the seed being thus destitute of albumen, or exalbuminous, as^ 
e. g.y Semen Quercus , the almond and mustard (and in general 
all the Cruciferae). 

If, however, there is developed, simultaneously with the em- 
bryo, a special tissue filled with reserve material, this is called 
albumen. If this tissue, with regard to its origin, belongs to the 
embryo-sac, as is usually the case, it is termed endosperm* 
(TJmbelliferae, Pig. 17 a); if, however, a portion of the nucleus 
(kernel of the ovule) has been converted into albumen, it is dis- 

^ AJbus, white (the white of egg). 
' Test ay a vessel, or also a shell. 
^"Evdov inside, ditepjaa seed. 
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tinguished as perisperm.i The seeds of the cardamom and 
of pepper represent simultaneously both forms of albumen, peri- 
sperm as well as endosperm. The chief contents of the 
albumen-cells belong nearly always to the class of protein 
substances, and are frequently developed, in part, in a crystal- 
loid form. With these is usually associated fat, and not rarely 
also amylum, sugar, and mucilage. This abundance of contents, 
which, moreover, are very commonly deposited in thick-walled 
cells, mostly imparts to the tissue of the albumen a firm, horn- 
like character. In the German usage of the word, there is 
accordingly sometimes understood (rather ambiguously) under 
the expression ^^ albumen,^' the entire tissue of the seed which 
contains the previously mentioned reserve substances, and some- 
times, in a chemical sense, that class of nutritive substances 
which are also termed protein bodies. 

The degree of development of the^ albumen is very variable. 
It is often much more extensive than the embryo, as in Semen 
MyristiccB (the nutmeg), Semen ColcMci, and in Nux vomica ; 
in other cases, it appears only as an insignificant appendage, as 
in Semen Lint, or perhaps also disappears at a later period, so 
that it is no longer observable in the ripe seed. 

The embryo contains, in a more or less advanced state of 
development, the rudiments of the axis and leaf-organs, the 
former shortly attenuated in one direction as the radicle or cau- 
licle (this is always directed toward the micropyle), and in the 
opposite direction often bearing the rudiments of the stem and 
leaf structures, or plumula f the latter may very plainly be seen, 
for instance, in the almond, and also in liux vomica. 

The leaf -organs, embryonal leaves, seed-lobes or cotyledons,^ 
usually form the preponderating portion of the embryo, and 
occur, especially in many dicotyledons, already developed in a 
delicate, distinctly leaf -like form, as in N'ux vomica and Semen 
Hicini. In seeds destitute of albumen, e. g,, in the almond, 
bean, pea, and acorn, on the contrary, the cotyledons are of a 

* iTep/ around or about, and 6TteppLa seed. 
^ Diminutive of pluma, feather. 

* JCoTvXri cavity, xotvXt^Sgov cavity of a bone, pan. 
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thick, fleshy character. With monocotyledonous plants, the 
embryo in the seed is usually less clearly developed ; in Semen 
Colchiciy Semen Sahadillm, and in the cardamom, the cotyledon 
is not yet really distinctly leaf-like, and quite as little in the 
pepper and cubeb. The tissue of the embryo throughout is built 
up of more delicate cells than that of the albumen, and this 
difference is also readily apparent without being magnified. 

The cotyledons and the radicle are often bent in a character- 
istic manner, as is evident upon a longitudinal section through 
Semen Stramonii, while the fruits of the Umbelliferse present 
an example «of a tolerably straight embryo. A very remarkable 
folding is shown by the embryos of Semen Fcenugrceci and Semen 
Sinapis, as in general with all Orthoplocae, Spirolobeae and 
DiplecolobeaB. Outside of our sphere of consideration, there 
occur remarkably complicated foldings in the cotyledons of the 
oot ton- seed. 

The seed is connected with the placenta by means of the 
funiculus ; the place where the latter enters the testa usually 
remains characterized by its color, a depression, or an elevated 
line, and is distinguished as the hilum (Fig, 10 h, Fig. 24 h). 
Less frequently the terminal point of the funiculus is also per- 
ceptible in the base of the seed ; if this is the case, it bears the 
name of inner hilum or chalaza * (Fig. 24 ch). This is readily 
recognizable, among other instances, in Semen Ricini. 

The seed is straight, atropous or orthotropous,^ when the apex 
of the ovule, the orifice (micropyle), lies opposite the hilum, 
whereby the funiculus remains short. It is thus, e, g,y with the 
Piperacese, where the seed forms the termination of the flower 
axis. More frequently, however, the ovule together with its 
coats, i, e., the entire seed, is reversed, whereby its apex, the 
micropyle, is moved close beside the hilum. This form, with 
the funiculus running along the back, which is the most usual 
with the angiosperms, is designated as a reversed, anatropous' 
seed (Fig. 24). The ovule is here coalescent with the funiculus 

^ XdXa^a hail, but also a sty on the eye-lid. 

^ From a privative (and op5o3 straight), and rpsTtoo turn, direct. 

^^Avd against, rpinoo I turn. 
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whereby a suture, rhapJie,"^ is produced (Fig. 24 r), which is more- 
or less apparent, e. g,, in Semen Tiglii and in the cardamom. 

The reniform or kidney shaped seeds, on the contrary, are 
mostly produced from so-called campylotropous " or curved 
ovules. With these, the nucleus as well as the integuments are 
curved (Fig. 25). They therefore also possess, as a rule, a curved 
embryo. 

With relation to their attachment, the ovules are sometimes 
pendulous, sometimes erect or ascending, and sometimes hori- 
zontal. If in an anatropous (pendulous) ovule the funiculus lies 
toward the interior or the middle-line of the fruit, such an ovule 
is termed epitropous ^ (TJmbelliferae, Euphorbiaceae). If the funi- 
culus is directed toward the outer wall, it is called apotropou» 
( Vitis, RhamnuSy Oornus). 



Fig. 28. 



Fig. 24. 



Fig. 26. 






Atropofis ovule. Anatropous ovule. Campylotropous ovule, 

w, micropylei; ch, chalaza ; h, hilum ; r, raphe. 

Appendages of the Seed. —Many seeds are provided at the 
hilum with an indurated appendage (as in the pea), which, in 
the case of Semen Bicini, Semen Ghelidonii (obdurator, carun- 
cle or caruncula *) and Semen Colchici, still remains perceptible, 
even after drying, while in Semen Tiglii^ on the contrary, it 
readily falls off. 

A peculiar, compact, fleshy outgrowth is developed on the 
nutmeg, and is designated as the seed-covering or arillus (Fig* 

^ 'Paq)7} suture. 

2 Ka/jLicvXoi bent, and rpiicoa. 
8 ^Eiti upon, and zftiitm, 
*Caro, flesh. 
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26 a r). This arillua, which is known in commerce under the 
name of mace, represents the only structure of this character 
which is properly treated of here. A relatively still more devel- 
oped arillua, but consisting only of a thin membrane, incloses 
the seed of the cardamom. The small, red, cup-shaped body 
of Taxus fruits is also to be regarded as an arillas. 

The arillus always originates at the base of the seed, and is to 
he considered aa an outgrowth of the funiculus. 

The pappus, a form of appendage of fruits (page 69), is 
formed by a subsequent outgrowth of the calyx. 

The germination of the seed proceeds in this way, that with a 



Pro. sa.— Fruit ot UyriatSca fmifrang, longftudinal HecHon. ar, arillus ; », seed 
(Hager). 

simultaneous evacuation of the endosperm which may be pres- 
ent, the plumule and radicle break through the testa of the 
seed, the former developing to form the stem, and the latter to 
form the root. Thereby the cotyledons, which are sometimes 
fleshy and thick (aa in the Bean), sometimes thin and leaf-like 
{Ricinus), are either elevated above the ground and become 
green (Epigiea), or remain in the ground until their evacuation 
and rejection {Hypogsea, compare page 69), Occaaionally, the 
cotyledon still incloaes for some time the young leaf-bud 
(Maize). 



PLANT AINTATOMY/ 

In order to obtain a satisfactory knowledge of vegetable 
drugs, an accurate anatomical study of them is in most cases 
indispensable. This part of pharmacognosy is therefore based 
upon an acquaintance with the principles of plant anatomy. 
The following lines may serve for a preliminary acquaintance 
with this very extended department, more complete information 
being contained in the text-books of anatomy.' The beginner 
should, nevertheless, continually bear in mind that anatomical 
study, unless accompanied by work with the microscope,' must 
always remain poor and deficient in its results. It would, there - 

^ From dvcc and rejuvGi) cut. 

•DeBary, '* Vergleichende Anatomie der Vegetationsorgane," Leip- 
zig, 1877. The most comprehensive and fundamental work, which, 
with regard to the amplitude of its contents, can be compared with no 
other. An excellent English translation of this work bears the title : 
** Comparative Anatomy of the Vegetative Organs of the Phanerogams 
and Ferns; " by A. De Bary. Translated by F. O. Bower and D. H. 
Scott, 1884 (F. B. P.).— Sachs, ** Lehrbuch der Botanik," iv., Leipzig, 
1874 (at present only to be had through antiquarian book-sellers). An 
English edition of this work bears the title : *• Text-book of Botany," by 
Julius Sachs. Translated by A. W. Bennett, assisted by W. T. T. Dyer, 
Oxford, 1875. Second edition, 1882. F. B. P.— Haberlandt, " Physio- 
logische Pflanzenanatomie," Leipzig, 1884. — Weiss, ** Anatomie der 
Pflanzen," Vienna, 1878.— Leunis, ** Synopsis," newly edited by Frank. 
One volume, Hannover, 1882. For our purpose, there may also be men- 
tioned : Hanausek, " Anatomische, physikalische und chemische Ver- 
haltnisse des Pfianzenreiches, mit besonderer Riicksicht auf Waren- 
kunde und Technologie," H51der, Vienna, 1882. 

' In microscopic work, the following are very useful : E. Strasburger, 
** Das botanische Practicum," Jena, 1884 ; and, by the same^ author, 
*' Das kleine botanische Practicum," Jena, 1884. 
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fore, really seem most proper to provide this chapter with an 
introduction to the construction and use of the microscope. 
There have recently appeared, however, so many publications 
relating precisely to this subject/ that we may omit further ref- 
erence to it in this place. 

The experience acquired at the preparation table is in the 
end the most important of all ; and as chemical analysis cannot 
be learned without a laboratory, so also the methods of micro- 
scopical investigation cannot be learned without a microscope 
and dissecting needles. 

I. The Cell. 

The elementary organs from which the body of the plant is 
constructed are the cells. Although it is not necessary for the 
formation of the idea of a cell that the same should be inclosed 
by a membrane (naked swarm-pores), nevertheless, by far most 
cells are provided with such. 

Most plants (all the more highly organized ones) consist of 
numerous cells. Among the lower plants there are, however, 
many which are formed of but single cells, some of which assume 
the most manifold forms, branch abundantly (the mould fungus 
Mucor Mucedo), and, indeed, without being in any manner 
divided by lateral walls, imitate a stem, leaf, and root (Caulerpa), 
Of such one-celled plants, there are none which come under 
consideration in pharmacognosy in a restricted sense, although 
the yeast fungus (Saccharomyces cerevisim), on account of its 
fermentative action, and the^various pathogenic fungi (bacteria), 
which claim an increased degree of interest in consequence of 
the recently observed relations between them and the most dan- 
gerous diseases, as well as the Diatomeae, whose siliceous coats 

1 Behrens, *' Hilfsbuch zur Ausfuhrung mikroskopischer Untersuch- 
ungen/' Braunschweig, 1883. The American edition of this work has 
been noticed on page 49, F. B. P. — Dippel, ** DasMikroskop," II., Braun- 
schweig, 1883-84. — For the theoretical part, the following is very valua- 
ble : N&geli and Schwendener, ** Das Mikroskop,'' Leipzig, 1877. — 
Further : Hager, *^ Das Mikroskop und seine Anwendung," Berlin, 
1879.— J. Vogel, *'Das Mikroskop," Leipzig, 1885. 
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form the so-called infusorial earth, are of the greatest import- 
ance in practical life. 

THE CELL-WALL AND CONTENTS OF THE CELL. 

/. Contents of the Cell, 

The cell consists of the cell-wall, and the contents of the cell. 
The most essential constituent of the cell while exercising the 
functions of life^ is the protoplasm (plasma '). This repre- 
sents a turbid, semi-liquid mass, which completely fills the inner 
portion (lumen) of cells located at the growing point, or which 
are otherwise in a state of « active development. At a later 
period, there appear in the protoplasm cavities or vacuoles.' 
The latter, filled with colorless cell- sap, constantly continue to 
enlarge as the cell becomes older, coalesce with each other, and 
finally, while the protoplasm gradually contracts toward the 
wall of the cell (protoplasm-sac, primordial utricle, cell-sac), 
form a large, central cavity, filled with cell-sap (Fig. 27^). If 
the cell has ceased to grow, the protoplasm will also have disap- 
peared, with the exception of a delicate film attached to the 
membrane. The protoplasm takes the most active part in all 
formative processes in the cell, and is the most important sub- 
stance in the cell ; the formation of the cell-wall proceeds from 
it, and to it the other constituents of the cell, for the most part, 
owe their origin. 

The cells increase in number only by division. A cell (mother- 
cell) becomes divided by a septum (which is mostly median) 
into two daughter-cells (Fig. 28). And it is considered as a law 
that with the division of the cell (of the protoplasm) a division of 
the nucleus (see below and Fig. 28) is also always associated. In 
the case of reproductive cells, a rounding of their form is also 
generally associated with their division. 

The protoplasm, which always possesses a semi-liquid, and 
(with the exception of the outermost and innermost layer, hya- 
loplasm) a granular character (microsomes), is a body of compli- 

* npGorov the first, and TcXadjiia organization or form. 
' Vacuum, empty. 



cated composition, very rich in nitrogen,' which contains several 
snbBtancea belonging to the albumen group (protein substances), 
together with water and inorganic salts (phosphates and sul- 
phates of the light metals). It is not devoid of structure, but 
possesses a fine organization.' 

Substances capable of abstracting water (such as sugar and 
glycerin) contract the protoplasm, i. e., in consequence of the 



Fia. 27.— Tnuwrerae sectkm through a medulluy cell of Toxodium dliMckuTn. a, 
nucleus ; b, uucleolua ; c, protoplasm-aac contracted tovaid tlie wall (separated from 
tbe Utter by reagenta) ; i, prlnuH'dlal ntrlcle (hTaloplaain) ; p, cell'Sap; {-m, correapond- 
iQKllpaotadjacenCcella; d, thecell-waU ; e-a, the ceU- walls of adjacent cells ; i;, inter- 
cellular apace IHartlg). 

elimination of water from the contents of the cell, the proto- 
plasm-sac is drawn from the cell-wall. Protoplasm is colored 

' Compare Reinke, " Studien fiber das Protoplasma," Berlin, 1881. 

* Very man; investigations have recently been published, relating to 
the etructure of protoplasm (especial]; by Strasburger, Schmitz, Tangl, 
Formmann, and others). 
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yellowish-brown ' by iodine," roee-red by Millon's reagent, violet 
by Trommer's reagent, and red by sugar and Bulphuric acid. 
Dead protoplasm abundantly absorbs coloring substances (espe- 
cially fine with eosiu). Imbedded in the protoplasm of young 
cells (Fig. a?), or suspended by threads of protoplasm (Fig. 28, 
i, c), there ia found the nucleus (Fig. 27 a, and Fig. 38), which 
mostly occurs singly. The nucleus possesses one or two nucleoli 
(Fig. 27 b), and consists likewise, for the most part, of a proto- 
plasm-like substance, in which, however, the nuclein is con- 
tained in a granular form. By treatment with coloring sub- 
stances (hsematoxylin, aniline-green, alum- carmine), the nuclei 
are rendered more clearly visible. 

Since the protoplasm has contracted in old cells to the mini- 




lepreaented [□ Ita indlvldiial phaaea 



mum and the nucleus has entirely disappeared, both of these play 
but a subordinate part in pharmacognosy, which occupies itself 
mostly with organs consisting of completely developed tissues, 
notwithstanding the importance of the protoplasm in the econ- 
omy of the plant itself, and in the estimation of the value of 
herbs as fodder. 

'All protein aubstancee are colored yellow by iodine, thus protoplaam, 
gluten, protein crystalloids (for the latter, iodine in glycerin is em- 
ployed), the fundamental portion of the chlorophyll granules, etc. 

* For these micro-chemical reactions, the compilation by Poulsen may 
be highly recommended ("Botanische Microchemie," Caaael, 1881. 
American edition by Trelease, see page 49). Compare also Tschirch, 
* Miorochemiscbe Eeaotioosmethoden im Dienste der technischea Micro- 
scopie," Arohiv der Pharm., 1882. 
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There ie another body very closely related to protoplasm, and 
like this oonBisting of protein anbstances, which is likewise of 
the greatest importance, pharniacognostically. This is aten- 
rone,* or protein granules, which are found in nnmerous seeds of 
the TTmbellifersB, and EuphorbiaceEe, in Viiis vinifera. Silt/bum 
Marianum, Myristica, Amygdalus, Cardamomum, and the Brazil 



Tig. £9.— ElUptlcal. plainly stratlfled starch graaulea, at. wiUia brosd. cantral hOum, 
from the cotyledon of a seed of Plsum sativum, after the additiou of water a, protein 
subataocea (aleurone): i, lDt«rceUii1ar spaces (Sachs). 

nut {BerthoUeliaexcelsa}.' In many oases the granular contents 
of the cell, when more strongly magnified, may be resolved into 

''A^EVftoy the fine flour of grain, gluten (German: Kteber) of Hartig, 
in distinction from ainylon. Aleurone was discovered by Hartig 
(Botauische Zeitung, 1855, p. 881, and 183S, p. 357}. For the moat 
thorough examination ot it we are indebted to PfeSer, see Pringsheim's 
JahrbQcher far wissenschaftliche Botanik, viii. (1873), 439. 

'Ttie following investigators have contributed to the knowledge of the 
crystallized, vegetable albuminous bodies : Ritthauaen (many publica- 
tions in the Journ. fUr prakt. Chemie of the last few years). Maschke, 
Ni^eli, Sachsse, Wcyl, Schmiedeberg, Barbieri, Sohimper, DrechBcl, De 
Luynea, GrObler (Journ, fOr prakt. Chemie, 1881); in the latter, the lit- 
erature is collated. Compare also Huaemann and Hilger, " Die Pflan- 
senatoffe." 



98 PLANT ANATOMY. 



IB separate granules of a roundish or poJyhedral form ' (as 
in the cotyledons of the pea" and bean, Fig. 29 a), which fill the 
interveningepacesbetween the starch granules (in the pea), or the 
entire cell (the glutinous layer in the seeds of cereals). To 
these small granules the name of aleurone may likewise be 
applied, in a more restricted sense, the name of aleurone is 
applied to those large granules which, imbedded in a homo- 
geneous mass of albumen, replace starch granules to a certain 
extent, and which consist of a fundamental mass of an albu- 
men-like substance, inclosing crystalline (calcium oxalate) or 
seemingly crystalline, roundish bodies {globoids). The albumen- 
like, fundamental mass is either amorphous or crystalline {crys- 
talloids); in the latter case, it is surrounded, together with the 
inclosed substances, by an enveloping, amorphous mass. 




Fio. DO.— Cells from the albumen of Semfn Ricini ISaclu). A. a, single call la coDceO' 
bsled glycerin ; the contents show but ludeftnitely formed masses. B, the some sectian 
with s UtCle water adiled. wbereb; crystallaiOo, flue gritDules of protein substances and 
drops of oil are rendered Tlalble. C, the same section wormed with more diluted glyoe- 
lin, whereby the drops of oil become expelled, and the crystalloids attacked and gradu. 
all}' diBSolved. 

The globoids (phosphates of calcium and magnesium) are 
never wanting. Crystalloids' occur handsomely developed in 

' Mounting mediums coDtaining water muet, however, be avoided in 
the preparation, since the granules thereby become destroyed, as has 
occurred, for instance, in Fig. 29. In the examination of aleurone gran- 
ules with inclosed substances, concentrated glycerin or fatty oil is 
always to be employed. 

■Corapare Tangl, " Das Pratoplasma der Erbse." Sitzungsberlcht der 
Wiener Akademie, 1887. 

' From npvOtaXXoi crystal, and iiSos similarity. They owe their 
name to C. NSgeli, " Sitzungsber. der Mtfnchener Akad.," 1882, p. 181. 



the aleurone granules of the seeds of Elms guineens'is, ^tkusa 
Cynapium, and all Euphorbiacese {Rictnus, Crofon); they are 
wanting in the aleurone granules of umbelliferous seeds. Crys- 
talloids occur, together with crystals, in jEsthusa Cynapium. 

Occasionally an aleurone granule in each cell is distinguished 
from the others, either by its size alone, or also by inclosing 
crystals of a different formation or larger size {Fig. 31 A at c). 
Such a granule is termed solitary (German, solitar, Hartig). 

The crystalloids are doubly refractive,' their angles, however, 
are inconstant; they are insoluble in water. The aleurone 
granules free from crystalloids, on the contrary, dissolve for 




Fia, 81.—^, Two gluten-cells from the seed oi the Tatiin. In the cell at the 1e(t much 
(rraaular pratoplitsm and a aucleua c 1b present. The cell at the right, after coraplela 
ripening, with a large, soUtaiy gramile ic), and numerous, small aleurone granules. B. 
Aleurone from the seed of Rfcinui communia with crTStallolda, C, Aleurone from 
EujAOTbUB, Myriatica <c|, Crotoa (b), Phyltantui l_bb). D, Aleurone from the seed of 
Ser(AoHetiaexceI«a,/dts*>luHono(aorystal!oidintoseveralcr7etals. £. Aleurone (ro m 
UiB seed of tujjfnus (el and Conium (d) (Hartigj. 

the most part in pure water [Pmonia, Lupinua), and all of them 
in feebly alkaline water. The fundamental mass, consisting of 
protein substances, is insoluble in alcohol, ether, benzol, chloro- 
form, and paraffin; it is colored yelloiv by iodine. 

' They therefore appear more clearly in polarized light. Compare- 
also RadlkoEer, " Krystalle proteinarCiger Kdrper," Leipzig, 1859. 
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The globoids dissolve in inorganic acids, also in acetic and 
tartaric acids, but not in a dilute solution of potassa. 

There occur, moreover, in the vegetable kingdom, crystal- 
loids which are not inclosed in aleurone granules (the potato, 
Fig. 108 a). 

The aleurone granules, as is already indicated by their exclu- 
sive occurrence in seeds, belong to the reserve substances which 
have the function of presenting to the germinating plant, in its 
first development, and before it is capable of assimilating inde- 
pendently, sufficient material for building up its organs. They 
are, therefore, of the greatest importance in the economy of the 
plant. How abundantly protein substances are contained in 
some seeds is shown by the following figures, showing their per- 
centage : Nux vomica, 11 ; Cacao, 13 ; Black Mustard, 18 ; 
Almond, 24 ; Linseed, 25 ; Ignatia seed and White Mustard, 27. 

These numbers are calculated from nitrogen estimations, with 
the presupposition that albuminous bodies contain 15 per cent 
of nitrogen. 

With the albuminous bodies are directly connected the chlo- 
rophyll bodies, the fundamental mass of which likewise consists 
•of an albumen-like substance.* This fundamental mass (stroma), 
which, moreover, is also very soft, is of a sponge-like structure 
(Fig. 33 a), and contains in the meshes of the frame-work a 
.small amount of the mixture of coloring substances, to which 
Pelletier and Caventou ' in the year 1817 gave the name " chlo- 
Tophyll.^^ * The crude chlorophyll consists of two coloring mat- 
ters, chlorophyll in a more restricted sense, or pure chlorophyll,* 
^nd xanthophyll.* The former is bluish-green, the latter yel- 



1 Sachs, ** Flora," 1862 and 1863.— Mohl, ** Verm. Schriften." 

* Journ. de Pharqi., 1817, p. 486. 

* XXaopo^ green, and g>vXXov leaf. 

* Compare Tschirch, ** XJntersuchungen tiber das Chlorophyll," Berlin, 
1884. In this publication, the entire literature relating to chlorophyll 
to the year 1883 is critically sifted and reviewed. At the close of the 
work, a catalogue of the literature is given, comprising nearly 600 in- 
vestigations. 

* Sar^o^ yellow, and tpvXXov leaf. 
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ow. The emerald-green color of leaves is thua a mixed color,' 
and the spectrum of the leaf a mixed spectrum. While chloro-* 
phyll only presents bands in the less refractive half of the spec- 
trum (red-green), and shows a continual absorption of the vio- 
let : in the case of xanthophyll there occur no bands at all 
(Fig. 32 s) between red and green, but only in the blue. Pure 
chlorophyll can be prepared, as one of us (T.) has shown, by the 
reduction of ehlorophyllan, a crystal lizable body. 



Fia. Sa.— 4. Spectrum of i leases, 

3. Spednim of 5 leaves. 

8. Spectrum of a dilute I aicolollo solution of pure chloropIiyU, 

4. Speotrmn or a, concentrated ' 

D. Spectrum of aa alcoholic solution of xaathophyll. 
la ttie leaf spectrum, band 2 of the xanthophyll Is mostly covered by the projecting ter^ 
mlual abBorption ol the pure chlorophyll ; at least it ia always rendered unclear 
(Tschirch). 

The chlorophyll grannies of the higher plants always appear 
as roundish, disk-like bodies (Figs. 33, 109, 129, 161), which, 

' By means of benzol, as has been shown by G. Kraua (' ' Zur Kenntnias 
der Chlorophyll-Farbatoffa," Stuttgart, 1873), an alcoholic tincture of 
chlorophyll from leaves may be split into two layers, a yellow lower 
layer containing xanthophyll, and a green opijer layer which contains 
the chiorophyll. The separation is, however, not quantitatively eiact. 
(Tschirch, " Untersuchungen fiber das Chlorophyll," Berlin. Parey, 
1884.) 
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when they lie close beside each other, become flattened polyhe- 
drically, without, however, coining in contact, for the reason 
that they are provided with a thin membrane of protoplasm. 
They are the organs in whicli the most important process of 
plant life is effectuated, vu., the assimilatioii of carbonic acid 
under the influence of light, with the formation of organic or 
carbon compounds. Only organs containing chlorophyll are 
capable of effecting this change. Indeed, we also find in the 
chlorophyll granules an abundant accumulation of assimilation 
products, and especially starch (Fig. 33, S, c, d). If a leaf of 
the peppermint, after the coloring matter has been extracted by 



% 



Tia. 38.-0, Chlorophrll granule, the apouge-llke structure Indicated by puDctatioDa ; 
i, c d, inclosurea bt starch In the chlorophyll grsnule ; e, a cell with chlorophyU k™°- 
uleo located along the wall (Tschlrch), 

-alcohol, is placed in iodine-water (see Micro-chemical Reagents), 
it assumes at one a bluish-black color ; every chlorophyll gran- 
nie contains some starch granules of a black color (see the 
iodine-starch reaction). 

The chlorophyll granules always lie imbedded in the proto- 
plasm-sac, on the inner wall of the cell, and shrink by the 
-contraction of the sac, by the addition of reagents, or by the 
death of the cell. Since the fundamental mass of the chlorophyll 
granules is very soft, many of these flow together by this process 
to form larger masses. Thus in drugs (green leaves and stems) 
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the chlorophyll granules are seldom found unchanged, mostly 
forming within the cells shapeless masses, in which the granular 
structure can be recognized only with difficulty. 

A similar condition also exists with regard to the maintenance 
of the coloring matter, the chlorophyll.* If, namely, leaves are 
quickly dried, the plant acids act but slightly upon the chloro- 
phyll, only a little brownish-yellow chlorophyllan (an oxi- 
dation product of chlorophyll) is formed, and the leaves remain 
handsomely green. If, however, they are dried without care 
and slowly, brownish-yellow leaves are obtained, in consequence 
of the abundant formation of chlorophyllan." Some leaves, how- 
ever, become brown even with the most careful drying {Nico- 
tiana, Juglans). 

Since the formation of chlorophyll is dependent upon light, 
it is found only in those parts of plants which grow above ground 
and are exposed to the light.* Leaves developed in the dark are 
yellow ("etiolement^^ etiolation ; the coloring matter is called 
etiolin*). All leaves and green shrubs contain chlorophyll, 
although it is sometimes concealed by red coloring matters dis- 
solved in the cell-sap {Braces na leaves). We meet with it also 
in seed-vessels (Juglans), and in barks, especially in the thinner 
ones {Rhamnus, Salix, etc.). Since, however, it occurs only in 
<3ells which still possess the functions of life, it is wanting in 
such barks as consist entirely of permanent tissue, or in which 
the peripheral layer is wanting {Cinchona, Cinnamon). 

The chlorophyll coloring matter, being a harmless green color, 
is of practical importance. 

^ The name chlorophyll must remain confined to the coloring sub- 
stance. 

* These circumstances have been thoroughly considered by Tschirch : 
** Einige practische Ergebnisse meiner Untersuchungen tlber das Chloro- 
phyll," in Arch, der Pharm., 1884. 

8 Nevertheless, the half-underground leaf-bases of Rhizoma fllicis are 
■also green. Exceptions are presented also by many green embryos en- 
closed by untransparent fruit-casings, and by the small embryos of the 
-Coniferse, developed in the dark. 

*From the French word etioler, to etiolate or become blanched, 
which is derived from the latin stipula, halm. 
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The clilorophyll of leaves (crude chlorophyll) is insoluble in 
water, but soluble in alcohol, ether, carbon bisulphide, acetone,^ 
benzol, volatile and fatty oils {Oleum Hyoscyami of the Phar- 
macopoea Grermanica is colored by chloropliyll), chloroform, and 
dilute solutions of caustic potassa (in the latter, with chemical 
change), forming emerald-green solutions, which are dichroia 
(green-red), and also show a magnificent fluorescence. 

A convenient method for distinguishing chlorophyll from 
other green coloring matters, is as follows : The alcoholic solu- 
tion of the coloring matter is shaken with concentrated hydro- 
chloric acid and ether, the acid solution then becomes blue, the 
ethereal yellow. No other green coloring matter shows precisely 
the same deportment. Pure chlorophyll dissolves with a blue 
color in hydrochloric acid, and is soluble in the same solvents 
as crude chlorophyll (see above). Pure chlorophyll appears to 
stand chemically in close relation to the lecithines, or to be itself 
a lecithin e. 

The colored crystalloids of many flowers andf ruits ( Capsicum 
annuum, Rosa, Crocus, Carthamus, Tropmolum, Chrysanthe- 
mum) should also be considered here. The development of 
these proceeds mostly in such a manner that the chlorophyll 
bodies — in the beginning the flowers and carpels of the fruit 
are mostly green — by a disturbance of their form and loss of 
their original color, pass into the crystalloid coloring matters. 
The yellow coloring matters (anthoxanthin ') especially occur 
often in the form of handsomely developed crystals (Fig. 34), 
as in the Carrot, and they probably always possess, besides the 
coloring matter, a plasmatic basis." Occasionally these coloring: 
matters also appear in the form of granules. 

The red and yiolet coloring matters (anthocyan ") are, as a 

^From civ ^ OS flower, and ^av^oj, yellow. 

^ They are capable of swelling. These crystalloids have recently been 
repeatedly examined, thus by Hildebrand, Pringsheim's " Jahrbiicher,"" 
I861.—Nageli, ** Sitzungsberichte d. MGnch. Akad.," 1862.— Weiss, 
** Sitzungsber. d. Wiener Akad.," 1866.— Schimper, Botan. Zeit., 1883. — 
A. Meyer, Ihid,, 1883. 

8 From av^ofi flower, and xvdveos blue. 
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rule, dissolved in the cell-sap (red potatoes, red foliage leaves 
and petals). 

In the fundamental protoplasmic mass, there is very frequently 
found liquid or solid fat, for instance, in the embryo of the Gra- 
minesB, in the endosperm of Ricinus, and in the cotyledons of the 
Cruciferse. The fat appears to be combined with the proto- 
plasm in the finest state of division. Microscopical sections of 
seeds which are very rich in fatty oil (Ricinus, Tiglium, Amyg- 
dolus y Corylus) show, when observed under water, a number of 
small oil-drops, which are not visible when alcohol or glycerin^ 
instead of water, is used as the mounting medium. It is only 
after gradually diluting the alcohol or glycerin under the cover- 




xWi^hi^^ 



Fio. 84.— Crystalloid coloring matters (anthoxanthin bodies) from flowers and fruits 
Tschirch). 

glass with water, that the oil-drops are brought to view. From 
this it may be concluded that the fatty oil is contained in the 
dry seed in combination with another substance, which pre- 
vents the oil from flowing together in drops. This evidently 
very loose compound (perhaps containing albumen) is destroyed 
by water, and the oil then unites in the form of drops. 

This result may, however, be so interpreted that the fatty oil 
occurs in the cells very intimately mixed with the protoplasm, 
that the albuminous body mixed therewith becomes dissolved 
by the water, and that thus the oil is caused to form larger 
drops. However this may be, the fatty oil is evidently very 
effectually protected by this highly remarkable manner of 
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its storage ; it is, indeed, sufficiently well known that the oil 
hecomes quickly rancid when the seeds are comminuted or even 
moistened. 

Many cells of other tissues contain, moreover, free fat in a 
liquid or solid form. In the former case, the drops of oil admit 
of especially easy recognition on account of their remarkable 
refraction of light, e, g., in Secale corrlutum, and in Senega 
root. The fats deposited in a solid form are crystalline, which 
may be seen with special clearness, among other examples, in 
Cacao, Cocculus Indicus, and in the Nutmeg.^ The fat con- 
tained in the kernels and shells of the Cocculus fruits consists 
almost entirely of free stearic acid.' 

In Stillingia sehifera (Nat. Ord. Euphorbiaceae), there is 
found upon the surface of the black seeds a coating of fat, and 
in Peclcia (Cybianthus) hutyrosa (Nat. Ord. MyrsineaceaB), each 
of the four nuts has a pericarp several millimetres in thickness, 
the inner portion of which forms a yellow, leafy substance. 

Fats are found, not only in the seeds, but occasionally also in 
the fleshy portion (sarcocarp) of fruits (a great deal in that of 
the Oil-palm, Elmis guineensis, the Japanese wax-trees Rhus 
succedanea and Rims verniciferay the olive Olea europwa), in 
pollen, spore- cells {Lycopodium, Pollen Pini), in some roots 
{Cyperus esculentus), and in the passive state of fungi {Secale 
€ornutum). 

As has already been mentioned, fats and oils are found in 
small amounts in almost all tissues which exercise the functions 
of life ; they occur regularly in seeds. This is readily seen 
when a section is treated with concentrated sulphuric acid ; 
the protoplasm and membrane become immediately destroyed, 
and the small drops of oil, which are otherwise scarcely visible, 
flow together to form larger drops, which are not attacked by 
the sulphuric acid. 

This is, in general, the best method for the detection of small 
amounts of fatty oil in microscopical preparations. In this 

* Compare also Moller, ** Ueber Muscatntiase." Pharm. Centralhalle, 
1880, No. 51-53. 
'Schmidt and Romer, Archiv der Pharm., 231 (1883), 34. 
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ivay, one may readily succeed in rendering visible, for instance, 
the fatty oil of Lycopodiuniy of which the latter contains nearly 
50 per cent, but which does not admit of recognition by simple 
microscopical observation ; it is only necessary to crush the 
grains, and then to add the sulphuric acid or concentrated solu- 
tion of calcium chloride. 

In seeds, the fats play the part of reserve substances, and in 
living tissues, particularly those containing chlorophyll, they 
are an assimilation product, which evidently finds at once fur- 
ther application in building up the tissues. 

The fats are soluble in boiling alcohol, in ether, carbon bisul- 
phide, benzol, paraffin and volatile oils, and are colored brown- 
ish-black by osmic acid. 

With those seeds which contain fatty oil most abundantly, 
this may exceed half the weight of the kernels (after the removal 
of the seed-shells). Thus in Amt/gdalus, Cacao, PapaveVy 
Ricinus, Sesamum, and Croton Tiglium ; in the latter, the oil 
amounts to nearly 60 per cent. For the most part, however, 
the amount of fat of other seeds which concern us here is 
small; linseed and Hack mustard afford about 33 per cent of 
oil. 

The fat of the olive, the yellow palm-oily as also the so-called 
Japan-wax, are contained in the fleshy portion (sarcocarp) of 
the fruits of the respective plants from which they are derived. 
The remaining solid and liquid fats of the vegetable kingdom, 
which are brought in large amounts into the markets of the 
world, are furnished by seeds. 

The fats are esters (compound ethers) of propenyl or glycerin. 
The acids combined with this radical belong mostly to the 
series of the ordinary fatty acids, although a portion of very 
many fatty oils and even of solid fats consists of olein, i, e., of 
the propenyl ester of oleic or elaic acid, which belongs to the 
acrylic acid 'series. Nowhere has a propenyl ester been proved 
to exist singly in nature ; every fat is a mixture of several such 
esters. When a fat is decomposed (saponified) by means of a 
<;austic alkali, the base is therefore always found to be combined 
with more than one acid. 
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For US the most remarkable and important constituent of the^ 
cell-contents is the starch (amylum *). 

The latter occurs abundantly, in the form of characteristic 
granules, in seeds and other receptacles of reserve substances 
(rhizomes, tubers). The seeds which are provided with starch 
(reserve-starch) are, however, very much less numerous than 
those which contain none. It appears also in the conducting 
tissues (transitory starch), and in the interior of the chlorophyll 
granules (assimilation-starch, autochthonous starch), but then 
mostly in very small granules. For our purpose, the starch 
granules of the reserve-receptacles are especially important. 

Between the starch and other constituents of the cells there 
exist manifold, but as yet only slightly explained relations. 
Thus in the case of Radix BelladonncB, Budde' has found cer- 
tain relations to exist between the amount of starch contained 
in the root and the amount of alkaloid. The amount of atro- 
pine is most considerable in roots which are very rich in starch,, 
and least in those which are free from starch (compare also 
page 13). 

Starch is organized and appears in the form of more or less- 
distinctly stratified granules a (Figs, 35, 36, 37, 39, 42, 43, 44,. 
45, 46). 

Some drugs are exposed, in their fresh condition, to a higher 
temperature in order to dry them more quickly. If these parts 
of plants are juicy, the amylum thereby suffers that change 
which is known as the formation of paste. The granules swell 
to a high degree and flow together, to form structureless masses 
or balls of paste. Thus in the case of Curcuma,* Jalap, Salep, 
some varieties of Sarsaparilla, and the East Indian Aconite 
tubers. Sago is nothing more than swollen and dried starch. 

The layers (which are especially handsome in the granules 
from the potato and leguminous seeds) are arranged around a. 

^ From a {a privative), and jiivA.T/ mill — flour prepared without a mill. 
8 Archiv der Pharm., 220 (1882), 414. 

•Nageli, **Die Starkekorner, Pflanzenphysiologische XJntersuchun^ 
gen," 1858. The most comprehensive work relating to starch. 
*Berg, **Anatomi8cher Atlas," Taf. xix.. Fig. 48. 
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«ommon central point of the granules, which, in consequence of 
unequal growth, are moatly not oniformly ronud; in granules 
of very eccentric constrnction, however, the layers are in the 
form of immeasurably tliin shells on the side having the slight- 
eat growth. The layers (Fig. 35) originate through an abrupt 
variation in the amount of water of the separate zones. An 
■outermost layer containing but very little water is followed by 
one with an abundance of water, the'u again by one poor in 
water, et cetera. The centre of the granule, the nucleus, is very 
rich in water. 




If the starch granule advances no farther in growth, a cavity 
(hilum) generally remains in place of the nucleus. Thisepaceia 
often confined within a very small compass, and therefore appears 
as a small, dark point (nucleus-point) in the starch of the potato 
and of the rhizomes of some ZingiberaceEe (Figs. 36 and 46). In 
the etarch granules of Tuber ColcMci, Maranta (Fig. 45), 
Maize (Figs. 48 and 49), Radix Oalumhw and others, the so"me- 
what larger hilum often assumes the form of a atar or a cross 
(Fig. 3^), and in many seeds from the familyof Leguminoste, as 
in Semen Calabar and the Bean, the hilum is proportion- 
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ately very wide, and extended in the direction of the axis of the 
frequently elliptical granules (Fig. 44). 

The nucleus, as a rule, is located eccentrically, although it is^ 
central iti the large granules of the cereals (Fig, 47) and in the 
small, round granules of very many plants.* Occasionally sev- 
eral nuclei are found in one granule. 

The layers disappear in consequence of the abstraction of water,, 
when the gi-anules are ollserved under liquids free from water, 
such as benzol, paraffin, volatile oils, fatty oils, glycerin, or when 
they are warmed. Glycerin loses this property to a degree pro- 
portionate to the amount of water it contains. On the other 
hand, the distinction of the layers is also obliterated through 
their intumescence (by the addition of water), even by water 
at 60 to 70° C. or a still higher temperature, but even in the 
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Fig. 86. Fio. 37. 

Fig. 86.— Starch granules from the rhizome of ginger (Hager). 
Fig. 87.— Starch granules with a star-shaped hilum, from Tuber Colchici. 

cold by means of saturated solutions of many bodies which are 
very readily soluble in water, such as caustic potassa or soda, 
potassium iodide, calcium chloride, sodium nitrate or acetate, 
and chloral hydrate. These substances increase the capacity of 
absorption of water by the starch to an enormous degree, far 
beyond the distinction of the separate layers just explained, so 
that these swell up to a uniform mucilage. 

If starch granules are pressed under the cover-glass, fissures 
and clefts are formed, which, proceeding from the cleft of the 
nucleus or from the periphery, form cracks having a course 
mostly at right angles with the layers. 

According to the very thoroughly founded and developed 

^The eccentricity in the case of Cyperus esculenttis amounts to iy 
in Canna lanuginosa to -fff. 
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views of Carl Nageli/ starch grows in such a manner that the 
formative material inserts itself between the layers of the 
granule, and is by no means added externally through "apposi- 
tion/^ The objections raised in opposition to Nageli^s view of 
" intussusception/^ ** especially by Schimper* and by Arthur 
Meyer/ are deduced from the supposition that starch possesses a 
crystal-like character. Its crystalloids, as in other carbo-hydrates 
(see text to Fig. 54 a and b), are united in the form of spheres, 
sphaero-crystals, but are highly characterized by the capability of 
swelling. Their stratification is the result of alternate solution 
and renewed deposition of solid substance. That the granules 
are less dense toward the interior is shown by the penetration 
of the solvent.* 

Occasionally two nuclei surrounded by a separate series of 






Fio. 38. Fia. 89. 

Fig. 38.— Amylum, compound granules with a common integument (Dippel). 
Fio. 39.— Compound starch granules from Radix Sarsaparilke. 

layers (Fig. 38) are formed in a single starch granule ; if these 
nuclei continue to separate from each other, a high tension is 
produced in the layers common to both, which leads to the dis- 
solution of the double granule into two separate ones (fractured 
granules). If, instead of two, a still larger number of granules 
appears, compound granules are produced, which may consist of 

^ ** Die Starkekorner," Zurich, 1858. Large octavo, 634 pages and 10 
plates (mentioned also on page 108, foot-note 3). — ** Sitzungsberichte d. 
Munch. Akad.," 1863 and 1881; Bot. Zeitung, 1881, 633; also NSgeh and 
Schwendener, ** Das Microscop," 1877, p. 423. 

* Intus, in or within ; suscipere, to take up. 

* Botanische Zeitung, 1881, 185. 

* JWd., 1881, p. 841, and 1884, p. 508. 

* Compare further the respective references thereto in Just's Bot 
Jahresbericht for 1881, I., 398-400, 
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very numerous individual granules {Avena, Fig, 40, Spinada, 
Sarsaparilla, Fig. 39). 

The false compound granules are formed by several separate 
granules becoming firmly agglutinated with each other through 
mutual pressure (frequently occurring in the starch in chloro- 
phyll. Fig. 33 d). 

The shape of starch granules is very varied.' The fun- 
damental form is the sphere. All of the smaller, isolated starch 
granules possess this form, such aa the small granules of 
the wheat (Fig. 47), of the potato (Fig. 43), and the so-called 
transitory starch. When the granules fill the cell and are 
■densely crowded, they are always flattened through mutual 
pressure, and are then mostly polyhedric (dodecahedron and 




Fio. 40. Pio. 41. 

Fia. 40.— A compouDd atarch granule of tbe Oat, resolved Into Its separate granules. 

Fid. 41.— 8tarcb In bone-shaped and club-Bhaped granulea from the milk; Juice of 
Exiphcrbia antiquoruTa j more difficult to obtain from the commercial *'£uphorblujn^' 
(gum-resin of Enphorbia rennifera), 

allied forms) {Maize, Fig. 49, Rice, Fig. 50). In the chloro- 
phyll granule the amylum is mostly spindle- shaped (Fig. 33 c, 
d). Club-, staff-, or bone-shaped structures are found in the 
milky juice of many Euphorhia (Fig. 41), club-shaped in the 
rhizome of Galanga,'' and branched in the root-stock of Neluin- 

■ Compare tbe illuetrationa and descriptionB of forms of etarch bjr 
Vogl, "Diegegenwartigam h&ufigsten vorkommenden Verunreinigun- 
gen,etc., dea Mehles," Vienna, 1880. — R. ron Wagner, "DieStArkefabri- 
kation." Braunschweig, 18T6.— Konig, '' Die menachlichen Nahnings- 
und GeuuBBmittel," Berlin, 1683.— F. von Hdhnel, " Die St&rke und die 
Mahlproducte, etc.," Casael and Berlin, 188&. 

'Berg, "Anatomischer Atlas," Plat«iix., 46. 
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bium speciosum, Willd, Sago-starch^ ia provided with svpoUen 
protuberances (Fig. 42). Independent of exceptions of thia 
character, the spherical and ovate, or often flattened forme ' pre- 
dominate,' 

Although not susceptible of atrictly mathematical deflnition, 
the size and ahape of the starch granules are nevertheless char- 
acteristic for individual plants, A knowledge of these peculiar- 
itiea ia therefore indispensable in the examination of fiour and 
varieties of starch. Besidea the amaller atmctures, which usu- 
ally occur, each granule possesses a predominating typical form. 
It is only when the latter has been confirmed, in its definite 
shape and size,' by a large number of granules, that one can 
assume that a certain variety of starch is present. 

In the examination of starches, this ia the only means for 






Fid. 49.— PoULto starch (Koenig). a. the nucleus. Compare also Fig. 106. 

their identification, but it is otherwiae with varieties of flour. 
The latter consiat of ground fruits and aeeds, and thus con- 
tain, besides the starch granules, remnanta of cella of the inner 
tissue as well aa of the integumeuta, and often also remnants of 
hairs (Triticum). In the case of flour, these remnants may 
therefore be very well used as a guide in their examination.' 

* Compare aleo Wiesner, " Die RoliBtoSedesPflanzenreicbes," Leipzig, 
1873. 

' For example ia Zingiber, Berg's Atlas, Plate xx. , 4S. 

' MeasurementB of the gizo of the granules (bj the aid of the ocular 
micrometer) muat always be undertaken. The linear diameter ia deter- 
mined. The unit ^of measure is the micro-millimeter {ft or mic.) = 
Tift(7i mm. = 0.000001 m. 

'Compare Wittmack, "Anleitiing zur Erkenuung organischer und 
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The most important forms of Btarch are the following :' 
1. Potato Staech {Solanum tuierosum, Figs. 43 and 108). 
Type : large, eccentric, very distinctly stratified, quite irregu- 
lar granules, which are rounded by three or fonr corners ; they 
are often rhombic and wedge-shaped, but never flattened. The 
nucleus is at the smaller end. 




FiQ. 44.— Bean starch (Tschirch). 



Secondary form : small, roundish, and medium sized, half or 
completely compound granules. 




Fia. 46.— Harauta starch (Tschlrch). 



2. Bean Staech {Physostigma, Vicia and species of Phase- 
olus, Fig. 44). Type : bean-ahaped to kidney-shaped, dis- 
tinctly stratified granules, which are always simple. The 

anorganiacber Beimengungen im Roggea- und Weizenmehl," Leipzig, 
1884. 

' A good ke; for use in determining the varieties of starch baa been 
given by Vogl : " Nahrungs- und Genussmittel aus dem Pflanzenreicb," 
VieDna, 1873; compare also Konig, "Nabrungsmittel," II., p. 405, 
Wagner and others. 
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nucleus is not visible, since the granules are nearly always tra- 
versed by a broad, radiately branched, longitudinal cleft. 
Secondary form : small, roundish granules.' 

3, Maeanta Starch, Arrowroot starch {Maranta arundina' 
cm, Fig. 45). Almost entirely typical forms : more or less flat- 
tened, nearly quadrangular, rhombohedral, triangular, club- or- 
pear-shaped granules, with a distinct nucleus located at tho 
broad end, and often traversed by an occasionally three-rayed, 
lateral cleft. Stratification distinct. 

4. East Indian Arrowroot {Curcuma leucorrMza and C 
angustifoUa, Fig. 46). Tj'P^^ distinctly stratified, flat, tabular 
or oval and lengthened, triangular granules, drawn out to a point, 
on one side, which contains the nucleus, without a cleft. 

Secondary form : small, triangular granules. 




Fia. «.— Btorch o( Carcur 



a leucorrhiza {SoerigU 



5. Wheat Starch {Triticum vulgare),' Fig. 47. Type ; 

(a) Large granules, flatly lenticular, almost exactly circu- 
lar, without a cleft or a distinct nucleus. They fare four times 
larger than the following : 

{b) Small qranulbs, roundish or polyhedral, often con- 
nected in pairs. 

' Specific charactera for tJie^diHcrimination of bean- and p«a-starcb 
have been given by Tschirch, " StArkemehlanalysen," in Archiv der 
Pharm.. 332(1884), p. 931. 

'The rye and barley have similar granules. For further details 
regarding them, compare the previously mentioned monographs on. 
starch. 
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Secondary form : slightly roundish granules, having a form 
intermediate between the two preceding. 

6. Maize Stahch {Zea Mays, Pigs. 48 and 49) presents only 
typical forms. 

(a) Horn endosperm (Fig, 49): sharply angular granulesi 







■without distinct stratification, and mostly provided with a 






Fro. ffl. FiQ. *». 

Tia, 48.— Halie starch granules from the tarlnacAous endosperm (Tscblrch). 
Fia. 49.— Maize starch from the bom endosperm (Tschircb). 

cleft ; they are in close contact with each other, and completely 
fill the cell. In the flour also, several granules are often still 
coherent. 
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(5) Farinaceous endosperm (Fig. 48): granules more round- 
ish, occaaionally without a cleft. They do not completely fill 
the cell, and therefore are not sharply flattened polyhedrically 
against each other. 

7. KiCB Starch {Oryza saliva, Fig, 50), only typical forms ; 
very sharply angular, almost crystal-like, fractured granules, 
occasionally several still connected, without a nucleus cleft. 




stiurcb (TBchirch), 



8. Oat Starch {Arena mtiva, Fig. 51). Type : large, oval 
aggregations, as much as -rS^j Turn. (50 ft) in size, composed of 
from two to three hundred granules and their components 
(Fig. 51 h). The latter are polyhedric and sharply angular, 
without a distinct nucleus. 



Cbo 

o 



Q ^ u coO 



err i ^o?^ 

granulea ; b, componenC graaules: 

Secondary form : small, roundish, spindle-shaped," similar to- 
the fractured granules, the so-called " filling starch." 

Like the celi-membrane, the starch granules, in consequenca 

' Moeller (" Die Mikroskopio der Cereallen," in the Pharm. Central- 
halle, 1884, No. 44-48) declares these to be the characteristic formB. 
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of their stratified structure, are also doubly refractiYe. In pola- 
rized light each granule displays a black cross, the arms of 
which intersect at the hilum (Fig. 52). 

When the structure of the granule is destroyed, either through 
tumefaction or by torref action, it immediately loses its optical 
properties, thougli agents which produce swelling, but which 
have neither an acid nor an alkaline reaction, produce no 
change, at least in a chemical sense, in the substance of the 
starch. The optical properties therefore appear to be dependent 
upon the manner of construction of the granule. Nevertheless, 
Nageli entertains the view that the micellm ^ of starch (a term 
which he applies to the complex of atoms, surrounded by a film 
of water, which through intussusception become separated from 
each other), like those of the denser cell-membranes, are origi- 
nally crystalline, and show the deportment of optically uniaxial 
crystals, but only so long as they have not become disintegrated, 
which Nageli assumes to take place upon swelling. 

Starch, as the most important reserve nutritive substance, is 
contained in an extraordinarily large number of reserve recepta- 
cles, thus in seeds (endosperm of the cereals, the cotyledons of 
many Leguminosae), Semen Cacao, Sent, MyristiccBy Bern, Para- 
disi, Sem, Piperis (v. Piper album), 8em. Quercus, while Sem. 
CydonicB, Sem, Lini, Sem, Sinapis alhce and probably others 
contain starch, at least before ripening. Furthermore, in rhi- 
zomes {Mar ant a, the Zingiberaceae, Aspidium Filix-m^s, Asa- 
rum, Calamus), in roots (Althcea, Sarsaparilla, Kramevia, Ipe- 
cacuanha, Rhubarb, Belladonna), and in tubers {Potato, Salep, 
Jalap, Colchicum), 

A remarkable exception is presented by the roots and rhi- 
zomes of the Compositse, which contain no starch, or only tran- 
sitorily, and then but extremely small amounts of it. It is fur- 
thermore wanting in Radix Oentianm, Rubim, SaponaricB, 
SenegcB, and in the rhizome of Triticum repens, at least in the 
stages of development which here come under consideration. 
In all these organs its place is supplied by other substances. 

1 Unjustifiable diminutive of mica^ a small crumb. 



aXABCH. 119 

Ultimately, the entire starch of a plant owes its origin to the 
chlorophyll granules, and although it mnat be accepted with 
certitude that it is not the first product of aEeimilation, it is, 
nevertheless, the first which is visible. From the aasimilftting 
tissue it then emigrates into the conducting tissues, and in 
these to th'e place of consumption (constructive tissue), as also 
into the repositories of the reserve substances (seeds, rhizomes). 



Since it cannot, however, as such, penetrate the membranes, it 
is very probably converted previously, through fermentative 
action, into dextrin or sugar. These substances can circulate 
diosmotically through the membranes. Kevertheless, the " paths 
of the starch " ' are also characterized by the occurrence of small 
' In Oerraan, " StartebaliDeii." 
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starch granules, since the above-named transformation products 
possess the inclination, under suitable conditions, to again 
become deposited as solid starch (transitory starch). These 
small starch-granules, which are in process of migration, are 
thus found in the so-called starch-sheath, and in the gieve-tubes 
and medullary rays. They are also contained in some fruits 
before ripening {Olives, Fructus Conii, Fructus Juniperi, 
likewise the Fig). 

How the formation of starch is effected in the chlorophyll 
granules (assimilating-starch, p. 108) is, meanwhile, still an 
enigma. Only so much is certain, that for its production light 
is required,* while potassium also appears to be indispensable 
for it.'' 

The manner of circulation of starch may be elucidated by a 
single example. The species of Orchis which afford saJep pos- 
sess, after the close of the period of vegetation, a tuber which is 
filled with starch and mucilage. The tuber is quiescent daring 
the winter, and in spring develops a stem bearing the leaves and 
flowers. During the entire first period of development, the 
tuber provides the young shoot with nutritive material ; the 
starch migrates from the tuber upward into the shaft. In the 
course of further development, the leaves unfold, and now under- 
take, on their own part the new formation of starch. But even 
now the plant provides for a future year. Beside the old, and 
now entirely exhausted tuber, a new rudimentary one is formed, 
into which the starch formed in the leaves migrates downward, 
in order to furnish the constructive material for the young plant 
during the next year. 

If the starch is dissolved in a reserve-receptacle, the gran- 
ules do not disappear at once, but solution gradually takes 
place, whereby a peculiar corrosion often occurs. Such corroded 

^Compare Sachs, ** Experimentalphysiologie der Pflanzen," 1865; 
furthermore, Botan. Zeit., 1862 and 1864, ** Flora," 1863, and researches 
of the Botanical Institute of Wtirzburg, 1884. — Gk)dlewski, Krakauer 
Akadem., 1875.— Bohm, Botan. Zeit., 1876, and others. 

•Proved by Nobbe in 1871. 
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starch-granules are particularly well observable in the first 
stages of germination (Fig. 53). 

We are acquainted with starch in the plant only in the solid 
form, although compelled to assume that it is formed, or in a. 
manner c,rystallizes out, from a liquid. 

Starch forms a glistening powder, the specific gravity of which 
\ varies according to its origin, but does not deviate much from 

1.5. In the air-dry condition, it incloses from 13 to 17 per cent 
of water, after the removal of which its density increases, accord- 
\ ing to its derivation, to from 1.56 to 1.63. While air-dry starch 

floats upon chloroform, it sinks therein after having been, 
deprived of its water by heating to 100° C. Dried starch quickly 
absorbs again from the air the eliminated water. 

The small amount of incombustible substances which it con- * 



\ 



I 




Fig. 53.— Corroded starch-granules from the endosperm of a young maize plant 8 
centimetei's (about 3 inches) high, in process of solution, a, a granule still intact 
(Tschirch). 

tains, about 0.5 per cent, can probably be explained only by 
supposing them to be deposited mechanically. 

The composition of anhydrous starch corresponds to the 
formula 0,,H,„0,„ although Musculus (i861 and 1870) and W. 
Nageli have shown that the formula OigHg^O,^ or C,gH„Og, cor- 
responds still better to the facts.' 

Leuchs (in 1831) found that starch granules are attacked by 
saliva. C. Nageli, who pursued the subject further, came to 
the conclusion that the granule is built up from cellulose and a 
peculiar starch substance, granulosa According to his view, the 

^ For information relating to the elementary composition of starchy 
we are indebted to W. Nageli, Sachsse, Pfeiffer, ToUens and Salomon. 
See also Husemann-Hilger, ** Die Pflanzenstoffe." 



^ 
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saliva acts upon the latter substance, dissolving it, and leaving 
s, frame-work or skeleton of cellulose behind. 

On the other hand it is to be remembered, as one of us has 
ehown,' that the ^^ granulose '^ has lost all the characters of 
starch. Furthermore, the acceptance of cellulose in the residue 
is based upon its solubility in ammoniacal solution of oxide of 
copper, the loss of its property of swelling in hot water, and the 
non-appearance of any coloration by treatment with iodine. But, 
on the one hand, amylum is itself soluble to a slight degree in 
ammoniacal oxide of copper, and, on the other hand, ^^ granu- 
lose " is just as little colored by iodine as the here accepted 
cellulose, while the swelling property of starch may also be 
destroyed by boiling with glycerin and water. There are thus 
not sufficient reasons presented for concurring in Npgeli^s pro- 
position. 

. Starch containing water, but not that which has been deprived 
of the latter, possesses a highly remarkable attractive power for 
iodine. It is capable of so combining with it, that the granule, 
the mucilage, or the solution of starch thereby assume colora- 
tions which correspond to those peculiar to iodine itself in its 
different conditions of aggregation and in its solutions. The 
blue, violet, or reddish color which amylum presents when it is 
brought in contact with iodine was first observed by Colin and 
Oaultier de Olanbry* in March, 1814; the other shadings in 
violet, red, reddish-yellow, yellow, and brown were studied in 
1863, and later by C. Nageli with great thoroughness. These 
shadings of color are limited by the varying reciprocal relations 
in the amounts of iodine and starch, as also by the presence of 
hydriodic acid and other substances. 

Slight amounts of very small starch granules as in chlorophyll 
(page 102) may be made more distinctly visible by causing them 
to swell by means of caustic alkali, subsequently washing the 

' Fliickiger, *♦ Starke und Cellulose," in Archiv der Pharm, 196 (1871), 
7-81. 

' " Annales de Chimie " 90, p. 93. — Stromeyer, at Gottingen, in Decem- 
ber, 1814, pointed out the delicacy of this reaction in Gilbert's'* Annalen 
<ier Physik," 49, p. 147. 
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section with acetic acid and then with water, and finally 
adding iodine solution. 

Though the force with which starch appropriates iodine is 
quite considerable, it can, nevertheless, not be proved that the 
product is a chemical compound. Even dialysis, as also gen- 
tle warming, and even simple exposure to the air, is capable of 
eliminating the iodine from the compound. 

Only cellulose, under certain conditions, shares this behavior 
•of starch to iodine. Beside lichenin (see Index), there is to be 
mentioned here also the amyloid of Schleiden, a form of cellu- 
lose which is capable of swelling, is colored blue by iodine, and 
occurs in the cotyledons of many of the Leguminosae, for 
instance, in those of Tamarindus, Certain membranes of the 
hyphaB of lichens also assume with iodine solution a blue color. 

The amount of amylum, even in such plants and parts of 
plants as are abundantly provided therewith, must necessarily 
be subject to great fluctuations when the before-mentioned 
function of starch as a reserve substance is taken into considera- 
tion. 

Potatoes and the rhizomes of the Maranta (Arrowroot) 
afford, for instance, from 9 to 26 per cent of amylum with ref- 
erence to air-dry substance, and Sarsaparilla is likewise a good 
example of the fact that the percentage of starch is very variable. 
The statements relating to the quantity of starch present in 
drugs can therefore be of value only under definite conditions. 

The size of starch granules is very variable, although, for the 
.same kind, remaining within narrow boundaries. The largest 
are found mostly in the underground receptacles of reserve sub- 
stances {8olanum tuberosiim as much as 90 /i,* Canna lanugi- 
nosa as much as 170 /^), the smallest in the seeds of some 
species of Acacia (about 1 //). 

An approximate representation of the relative dimensions is 
given by the following figures : 

* fi or mic. = micromillimeter = -n^ mm. = 0.000001 m. (compare 
page 113). 
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AVERAGE MEASUREMENTS. 

Potato, 

Wheat (large granules), 

Wheat (small granules), 

East Indian Arrowroot , 

Maranta^ 

Pea, 

Bean, 

Maize, 

Rxce (divided granules), 

Oat (divided granules), 

Pad, Galurribm, 

Phiz, ZedoaricB, 

Tuber JalapcB, 



According to 
Wiesner, Hohnel, Wagner, 
Length in //. 

60 
26.9-28 

6.8 
60-CO 
27-54 



According Xxy 
Tschirch 1 
Length in ^^ 

56.0 

33.0 

. 6.0 



I 32-79 



32-46 
29-39 



13-19 
5-6 

7-8" 



(< 



<< 



^ according to- 
Fluckiger.* 



15-20 
5 
4.4 
As much as 90 // 
" 70// 
" 60 /i J 

Another constituent, related in its functions to starch, is 
inulin^^ which Valentine Rose, in 1804, first observed as a de- 
posit from fche decoction of the root of hiula Helenium.; Thom- 
son* designated it as inulin. It occurs chiefly in the roots of 
plants of more than one year's growth belonging to the family of 
the CompositaB, and has been detected elsewhere in but few cases." 
Prantl ' has obtained, for example, quite a considerable amount 
of inulin from the roots of the flowering Campanula rapuncu- 
^ The average from 100 measurements. Regarding the relations of 
shape as well as size, see the very detailed statements of Konig, 
** Nahrungs- und Genussmittel," II., 403 et seq. 

' I found (as did Wiesner, in opposition to Konig), the oat granules to 
be always larger than those of rice (T.). See A. Tschirch, ** Starkemehl- 
analysen" in Archiv der Pharm., 223 (1885), pp. 521-532. 

8 "Pharmakognosie des Pflanzenreiches," first edition (1867), pp. 237, 
177, 251. 

* Compare, regarding inulin, Sachs, Bot. Zeit., 1864. Holzner, ** Flora," 
1864, 1866, 1867, and the publications cited below. 

'' ** System of Chemistry," IV. (London, 1817, fifth edition), 75; alsa 
in earlier editions, previous to the year 1811. 

^ That the Australian Lerp-Manna, in opposition to former assump- 
tions, contains no inulin, is now definitely established. Wittstein'B> 
Vierteljahrsschrift fur prakt. Pharm., XVII. (1866), 161, and XVIII. 1. 

' *• Das Inulin," Munich, 1870, 43. 
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loides L., and Kraus ' found it also in tlie families of the Cam- 
paniilacete, Lobeliaceie, Goodeniaceie, and Stylidiaeeae, which, 
from a systematie point of view, are each and all connected 
with the Compositfe. Inulin haa, moreover, been proved by 
Kraus to occur in the roots of lonidium Ipecacuanha, of the 
family of Violaeese.' In the family of Compositfe, inulin pos- 
■seases the function of amylum ;' it is distiuguiahed, however, in 
^general from the latter by the following main pointa.' 



ITio. 54 a.— aiobidar agg'^KBfoiiB o( ctTBtols (spluero-oiTBtals) from Radix /niite, by 
beei^ns fraeh pieces of tlie root for a long time in glyoeiin. B, cells flUed wftli 
Inulin; A, separate, strongl)' magnifled aggregations (BacliB). IPia. Si, TI,, represents 
such an aggregation In polarized light (Dippel). 

1 Bot. Zeitung, 1875. 171. 

» Flilckiger, " Phatmakognosie," 1883, 396. 

' Starcli haa been found in but a. few roots of the CorapositEB. Togl, 
•■Kommentar zur Ssterreich, Pharmak po 869 p. 347 and Dippel, 
■'Das Mikroskop," II, (1869), 3T. N h a ording to Kraus, 

the chlorophjll granules, the stoma a e Is a. a so the starch-alieaths 
and sieve-tubes of plants which form nu n conta n starch thro'jgbout. 

* Compare further : Dragendorff, Ma enal zu e ner Monographie 
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In living roots or leaves, innlin does not separate out in a. 
solid form ; it is only when water is abstracted from the solu- 
tion, in which it is there contained, that it forms either glass- 
like, amorphous masses, or fine, soft, needle-like crystals of the- 
rhombic system.' The latter may combine to form larger, 
radiated, spherical aggregates or sphiBTO-crystals {Fig. 54 a and 
i), which are best obtained when entire Dahlia tubers are placed 
in absolnte alcohol or coucentrated glycerin. After some days,. 




Tx from Vahi-ta tubers. 

in consequence of the slow abstraction of water, the inulin 
crystallizes in aggregations, which cannot be obtained by simple 
drying. The leaves of the Compositse must be prepared for 
dehydration by previously boiling them with caustic potassa. 

Crystallized inulin, when observed in polarized light, is seen 
to be doubly refractive (Fig. 58, p. 119, No. VI.), though less 
strikingly so than amylum ; the crossed arms do not appear 
deB Inulina," Petersburg, 1870. Kiliani, Liebig'a Annalen, SOB (1880) 
145-190. 

' Bot. Zeitung, 1876, 368. 
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very distinctly on the sphtero-erystals, and the amorphous 
maaaes are neither doubly refractive nor stratlOed. 

With this deficiency of organic structnre is connected also 
a leaser capacity of combining with water. In opposition to 
amylum, the composition of which corresponds to the formula. 
(C,H,„0J, + 3H,0 (= 14.2percent of water), air-dry innlin con- 
tains only from 5 to 10 per cent of water. On the other hand, it 
dissolves readily in hot water and separatee therefrom nnehanged 
npon cooling, provided the solution had not been exposed for a 
long time to a higher temperature. In the latter case, the inn- 
lin very readily passes into un crystal lizable, Iffivogyrate sugar. 



FiO. U.— Oroups ol line needle-shaped ciystals iThaphldes 



The solution of inulin itself likewise deviates the plane of 
polarization of a ray of light to the left ; solutions of starch, 
which are obtained by the aid of chloral hydrate or by certain 
salts (page 110), rotate to the right, as does also the crystallizable 
grape sugar obtained from starch. The aqueous solution of 
inulin is never paste-like ; it is an actual solution in the ordi- 
nary sense, while the paste of starch is produced only through a 
swelling of the granules. 

Inulin is not colored by iodine. Indeed, we possess no reagent 
for it, and are only capable of recognizing it by confirming sev- 
eral of its physical properties. 

The amount of inulin contained in the Compositie is very 
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yariable, in many cases very slight, as for instance in Rhizoina 
ArniccB. Prom dried Radix InulcB, on the other hand, Dragen- 
dorff obtained 44 per cent of inulin ; from the root of Taraxa- 
cum, gathered at Dorpat, Bussia, in October, and dried at 
100° C, 24.3 per cent, while the same root in March afforded 
only 1.7 per cent of inulin. 

The great periodical fluctuations, and the want of a reagenty 
may explain why it has not yet been possible to detect inulin 
in many roots of perennial CompositsB. 

Although inulin never occurs in crystals in the living and 
dried plant, there are other crystalline substances which occur 
not infrequently in the tissue of the cell. Calcium oxalate 
especially is widely distributed. 

In very many plants calcium is deposited in the cells in the 
form of distinctly crystallized oxalate. This salt mostly corre- 
sponds to the formula CaC,0^ + H,0, and belongs to the mono- 
clinic (clino-rhombic) system of crystals. Occasionally, how- 
ever^ forms of the quadratic or tetragonal system are also to be 
seen ; this variety of oxalate contains dH,0. 

When calcium oxalate is prepared artificially, and the salt 
separates rapidly, the first-mentioned compound is obtained 
either as an indistinct crystalline precipitate, or in well recog- 
nizable monoclinic forms ; the quadratic oxalate, on the con- 
trary, crystallizes during the slow evaporation of a hydrochloric 
acid solution, or also upon the admixture of very little calcium, 
chloride with an extremely dilute solution of oxalic acid.^ Fre<- 
quently, under slightly changed conditions, a mixture of both 
compounds is produced. 

The two forms of calcium oxalate are of exceedingly frequent 
occurrence in the vegetable kingdom. The needle-shaped crys^- 
tals, rhaphides^ (Fig* ^5), appear to belong to the monoclinie 

> With regard to the more precise conditions, compare Souchay and 
Lenssen, Annalen derChemie u. Piiarm., 100 (1856), 811-825. 

* From fia(pi5, the needle. A. de Candolle, in 1826, introduced the- 
term raphidea, in order to avoid the use of the word crystals, as he sup> 
posed (erroneously) those deposits of oxalate of calcium not to consist 
of crystals. 

9 
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eystem; these occur separately or iu gronpB, particularly in tlie 
root formatioDB of monocotyledona, very notably in BuUnia 
JSciUa (Fig. 56), and in Radix Sarsaparillm (Fig. 123'),but also 
in stems and leaves, as, for iDBtance, in the Aloe (Fig. 63, cr). 

The undeveloped, crystalline, powdery oxalate, which is met 
with, for instance, in the Cinchona barks, in Stipes Dulcamara, 
and in Radix Belladonnce, should probably also be considered 
here. Such deposits become better recognizable when the sec- 
tions, freed as much as possible from air, are observed in pola- 
rized light. More distinctly and variously developed are the 

FiQ. 117. Fia. 58. 






Tm. B7.— PundameatAl form of die ntonocllntc arfalaJg of caloluni oiKlOite, with only 
■one moleaule of water. Tbls form, hendjohedron, reaemblea in appeknnce m rhom- 
toohedroD of the hexagoiul STStem, and Is therefore oflea deaiBsoled ms " rhombohe- 
dron-ljke oxalate." 

I^o. B8.— o, Hendrohedron ; 6 and c, oryatala of the monoollnio ByBtem in CorUx 
JVonffute, derlTed by ininoUlon from tho fundamental form (from Dippal). 

crystals which in form approach that of the hendyohedron 
(Fig. 57), which may be regarded ae the fundamental form of 
the monoclinic salt. Very handsome and very regularly devel- 
oped crystals of this kind occur in Radix Calumba, Folia 
Hyoscyami and Cortex Frangula (Pig. 58), and particularly 
also, in a considerable variety of forms, in the non-official 
hark of Liquidamiar orientalis Miller, which yields the Styrax 
iiquidus. In Cortex Aurantiorum the crystals are likewise 
^uitelarge and are inclined to be sharpened in a striking manner. 

' Compare also Schleiden, Atohiv det Pharm., 1847, Plate I., Fig, 5. 
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Forms of peculiar appearance, prodnced by hemitropy, and 
recognizable by their inwardly inclined angles (Fig. 59), occur 
in the bark of Guatacum officinale and QuiUaia Saponaria.' 

Much less widely extended, at least within the sphere of drugs, 
are well-devoloped forms of the quadratic system (Fig- 60), such 
as are found for instance in oai:-galls (Fig. SI). Oxalate crys- 
tals of this system also occur in many leaf-stalks, and are par- 
ticularly handsome in the Cactese, in species of Begonia and in 
Paulownia impertalis Siebold, furtheimore in Vrceolaria seru- 
j>08a Ach. and other lichens. 
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Fie, SB.— Twin ofTitalBOl odduni oiklate from Cortex Qvaiad or Corlex QiaUatm 
Saponariac; a, \jiDK on Uie latenl waxtaee ; e, somevhrnt turned ; b, more KtniDKlj nus- 
niOBd am) turned to the extent of 80° (Dlppel). 

In Rhiz. Rhei, Bad. Saponaria, Bad. AUkcsa, in Cortex 
Granati Badicis, in Jigs, cloves, and in a very large number of 
■other parts of plants belonging to our department {Fol. Eu- 
calypti, Figs. 127, 138), the oxalate crystals are most densely 
■crowded together in the form of clusters (Fig. 62), each of which 
generally occupies a single cell. In these cases only the points of 
' Further details are given by HolzDer,'"Erystalle in den Pflanzen- 
ieUen," Flora, 1867, 499. Sachs, "Lehrbuch derBotanik" (IV.), M. 
Compare aleo Figs. 102 and 150. 
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the individual oryetals just project, but the true crystallographi- 
cal shape of the latter has not jet been determined with certi- 
tude. The fact that in Oortex Cascarilla, in Cortex Frangula, 
in the outer surface of Fungus Laricis, in the aboTe-mentioned 
Styrax bark, and in other cases they are accompanied bj dis- 
tinctly recognizable monoolinic crystals of oxalate, argues posai- 



♦ 




ital forma of calcium ox&laM|cryiUJllzlng In the quadratic ■ystem< 



Kith tbree molecules of water of OTTsHLUlzatlon, 



bly for the assumption that these aggregates or rosettes also- 
belong to this system, ftlthough in the above-mentioned leaf- 



Va. 81.— TraniverM lectton from an onUaaiT (Aleppo) oKk-gall; d, ■clerench7ma> 
■ Urer In the centre ; c, dnua ouuide ol and In proximity to this layer, tilled wltti 
Is of oialaCe ; e. tissue In the interior ot tbe chamber fonnad br (he 



stalks all transitional forms may also be observed, from the- 
quadratic octahedron to imperfectly developed rosette-shaped 
aggregates of crystals. Hence it is probable that the oxtJate- 
crystallizing in rosettes sometimes belongs to the quadratic and 
sometimes to the monoclinic system. 



CALOIUH OXALATE. 133 

The proof that the plant formations in question are really 
•calcium oxalate is readily afforded. The crystals are not Bolu- 
ble in acetic or oxalic acide, but soluble, and without efferves- 
■ence, in hydrochloric acid; this solution gives, upon the addition 
-of potassium acetate, an abundant precipitate of indistinctly 
'Crystallized calcium oxalate. 

After short contact with concentrated sulphuric acid, the 
oxalate crystals are converted into long, lance-shaped crystals of 
gypsnm. 

The oxalate crystals are presumably formed in the plant by 
the gradual confluence of dilute solutions of oxalates with calcium 
.salts. In many cases this occurs with the co-operation of or- 
ganized atrnctures. The rosettes often inclose an uncrystallized 
nnclens, and the needle-like tufts of oxalate are fixed, for in- 



FiB.62.— Eoaettesof oalelum oxalate trom Rkvbarblher, FIge. Ita, 146) ai 



.stance in Sarsaparilla and many other cases, in a mucilaginous 
(plasmatic) integument; if the oxalate be dissolved in hydrochloric 
acid (spec. grav. 1.1), the integument remains behind, and may 
easily be made recognizable by staining, for example, by means 
■of carmine or aniline-red. This covering of protoplasm may 
be detected also with greater distinctness in Biilbus ScillcB. If a 
fine section of this is moistened with alcohol, a contraction of 
the mucilaginous contents of the cell ensues, in the middle of 
which darker granules will appear, which are seen to be crystal- 
line in polarized light. Water dissolves the mucilage and leaves 
the crystals behind, which, without dou,bt, are to be regarded as 
the first rudiments of the oxalate prisms often so handsomely 
developed in the Squill. The latter are surrounded by a sac, 
and frequently become enlarged to such' a degree as to extend 
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through several cells, after their transverse walls are destroyed" 
These crystals often attain nearly 1 mm, in length, so that they 
become visible even to the unaided eye. The latter character 
applies also to the imperfectly developed, rhombohedron-like 
crystals in the wood-parenchyma of Lignum Sandali rubrurriy 
the axes which are scarcely less than ^ mm. 

According to Emmerling * it would appear probable that 
crystals of calcium oxalate are also formed in the plant through 
the action of free oxalic acid upon calcium nitrate. 

In the cases here referred to, calcium oxalate always occurs as 
one of the contents of the cell; it has been shown, however, by 
Count Solms-Laubach * that these crystals may also be deposited 
in the cell-wall itself, especially in the outer wall of • epidermis 
cells. 

In regard to the amount of oxalate, the microscopical estimate^ 
may lead to inaccurate statements. Bulbus Scillm is apparently 
rich therein, and nevertlieless a direct estimation of the oxalic 
acid afforded but 3 per cent of oxalate; in a good rhubarb » ono 
of us found 7.3 per cent. The greatest abundance of oxalate in 
the domain of pharmacognosy is presented perhaps by guaiaa 
bark, nearly 20.7 per cent. Some lichens are likewise charac- 
terized by a large amount of oxalate; thus Lecanora esculenta 
Eversmann, contains 22.8 per cent. 

The oxalate crystals are deposits which remain withdrawn 
from the sphere of vital action (secretions); in the cells which 
contain them, as a rule, no further developments take place. 

Other crystalline compounds of inorganic bases are of exceed- 
ingly rare occurrence in plant tissues. Calcium phosphate,. 

1 "Berichte der Deutschen Chemisch. Gesellsch.," 1872, p. 782. 

• Botanische Zeitung, 29 (1871), 458. Plate 71.— Also in Sachs, '* Lehr- 
buch der Botanik," 1874, 68. 

^ One of the numerous important observations of the eminent apothe- 
cary Scheele, Who also discovered oxalic acid, relates to the crystals of 
rhtibarb, which, in 1782, he recognized as calcium oxalate. Anton van 
Leeuwenhoek (1716) had, indeed, previously seen the oxalate of the- 
sarsaparUla root and of orris root. — Flftckiger, ** Pharmakognosie,** 
2d edition, 226, 315, 373. 
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CaHP0^ + 2H,0, is found abundantly in a crystalline form* 
in the Indian Teak-wood {Tectona grandis L., Nat. Ord. Ver- 
benaceas). Calcium carbonate, which is contained in some 
plasmodiums, in the cell-membranes of many marine algsd, and 
in cystoliths {Ficus, Cannabis, Humulus^), does not show dis- 
tinctly crystalline forms/ or is manifestly amorphous. Crystals 
of gypsum appear not to be present in plants; since they are 
soluble in 400 parts of water, the conditions are probably want- 
ing for their formation and maintenance. 

Crystals of organic compounds, which are met with in the 
tissues of drugs, are, however, no rarity. Thus, asparagin, 
cuhelin, hesperidm, picrotoxin, theobromine, and piperine, 
which, however, may be presumed to first crystallize during 
the process of drying the respective drugs. Furthermore, crys- 
tallized fats, probably for the most part palmitin and stearin^ 
which are found in many seeds, as, for instance, in the nutmeg f 
in Cocculus Indicus, etc. Finally, vanillin in the parenchyma 
and upon the outer surface of the Vanilla (Fig. 83). The crys- 
tals which become visible in Cinchona barks, after warming their 
sections in caustic alkali, first appear as a result of this treat- 
ment. By very long preservation in glycerin of sections of tis- 
sues rich in tannin, crystals of gallic acid also occasionally 
appear, which were not originally present. After a very long 
preservation of the respective sections, one may also observe tha 
gradual crystallization of amygdalin, filicic acid, and strychnine 

Small granules are frequently found deposited in cells, whicb 
acquire with ferric chloride in aqueous, or often better in alco- 
holic solution, a blue or greenish coloration, so that we may con- 
sider them as tannin, or as tannin-like formations. On the other 
hand, they also often become colored blue by iodine, as if they 

J Kopp-Will's Jahresbericht der Chemie, 1860, p. 631, and 1879, p. 987; 
"Berichte der Deutschen Chemisch. Gesellschaft," 1877, p. 2,334.— Com. 
pare further Just's Bot. Jahresbericht, 1881, I., 402, Reference No. 75. 

«Fluckiger, "Pharmakognosie," 1883, 710; Sachs, **Lehrbuch der 
Bot.," 1874, 70; Kny, *'Botan. Wandtafeln." 

'Thus also the aggregates in Caatoreum ; compare Fltlckiger, 

Grundriss der Pharmakognosie," 1883, 237; further Just's Bot. Jahres- 
)ericht, 1881, I., 402, 403. 
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inclosed starch or had origitiated therefrom, as indeed both 
appear in the same tissues simultaneously, or still more often 
alternately. Nevertheless, tannin does not exist to any consid- 
erable amount in seeds. The amount of tannin contained in 
certain organs, such as barks and fruits, is subject to considera- 
ble periodical fluctuations. * 

Tannin which is deposited in the purest form dissolves when 
subjected *o examination under water. In order to bring it to 
view, the sections must therefore be observed under benzol, 
Tolatile or fatty oils, or other liquids which do not dissolve the 
tannic matter; even glycerin suffices, since it dissolves but little 
tannin when concentrated. Thus in galls, shapeless masses are 
found which almost completely fill the cells.* The tannic mat- 
ter also very frequently penetrates the cell-membranes, so that 
the walls of entire tissues become colored after being moistened 
ifith a solution of iron, thus, for instance, the parenchyma of 
the Cinchona harhs, the fibro- vascular bundles and the surround- 
ings of the oil-cells in cloves, etc. Thick, hard cell-walls, which 
do not become thoroughly moistened by an aqueous solution of 
iron, often assume, nevertheless, the blue or green coloration 
upon the simultaneous addition of alcohol. These reactions, 
however, are perhaps more often produced by derivatives, decom- 
position products of the tannins, or bodies otherwise related to 
them, such as ellagic acid or gallic acid, the presence of which 
in nature can, moreover, not yet be accepted with complete cer- 
tainty. Morin and morin-tannic acid, which react in the same 
manner with iron salts, have also not yet been met with in those 
parts of plants to which we here devote attention. Further- 
more, pyrocatechin, quercitrin, and rutin must not be omitted 
Tiere, which likewise color solutions of ferric salts green. The 
first-mentioned substance can, indeed, be cited here only as a 
very subordinate constituent of kino, and quercitrin is contained 

* Compare Wiegand, " S&tze uber die physiologische Bedeutung des 
'Gerbestoffes und der Pflanzenfarben." Botanische Zeitung, 1862, 121; 
^and Kutscher, **Ueber die Verwendung der Gerbs&ure im Stoffwechsel 
<ier Pflanze." Flora, 1883. 

« Berg's " Atlas," Plate 49, Fig. 136. 
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jn Flores Roscb gaUiccB, but the latter substance^ as well as 
pyrocatechin, is undoubtedly widely distributed in the vegeta- 
ble kingdom^ and by more exact investigation will probably be 
iound in many other drugs. 

Of very frequent occurrence also, and probably quite general 
in barks in a definite phase of life, is phloroglucin/ C^H,- 
(0H)„ belonging to the class of phenols. 

Eesembling the tannic acid of galls, or tannin/ there are 
some other tannic matters, not of the same composition, which 
produce in solutions of ferric salts a blue-black precipitate, thus, 
the tannin of Folia Uvm ursi, of oak-bark, of the bark of pome" 
^granate-root, etc. Many others, however, as the tannic acid of 
the Cinchona barks, of willow and elm barks, that of Radix 
BatanhicB Peruvianm, of Rhizoma Filicis, Rhiz, TormentillcB, 
of Coffee, and also Catechu, produce with solutions of ferric 
chloride or ferric salts a green precipitate, while the tannic 
acid of rhubarb gives a blackish-green. In two varieties 
of Ratanhia (Krameria), that from Para and that from 
Savanilla, the tannic acid forming a green coloration with 
iron salts is accompanied by a predominating amount of acid 
producing a blue coloration. For the correct discrimination of 
these colorations, thin sections of the respective drugs must be 
moistened with a little solution of ferric chloride of the dilu- 
tion stated under ^* Microscopical Keagents,*^ and the slides 
upon which this reaction is carried out, laid upon a sheet of 
white paper. The experiment is also performed at the same 
time with the application of a solution of ferrous sulphate, 
which permits the colorations to appear gradually, in proportion 
to their oxidation, but often with a greater degree of purity. 
A highly remarkable occurrence of a substance which affords a 
magnificent blue color with ferric chloride as well as with fer- 
rous salts is presented by the large cells of the fleshy portion of 
the fruit of Siliqua dulcis. 

Between the tannic matters or tannic acids of the two classes 

^ Compare the statements of Tschirch, in Pringsheim's Jahrb. f . wiss. 
JBot., 1885, and Poulsen's " Botanical Micro-chemistry." 
• From the French word tanner ^ to tan, of unknown origin. 
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above indicated, sharp chemical distinctions exist, which are ren- 
dered evident, especially, upon dry distillation. When subjected 
to this treatment, the tannic matters which produce a blue color 
with ferric salts afford pyrogallol (pyrogallic acid), while those- 
producing a green color with ferric salts, on the contrary, afford 
pyrocatechin. If the tannic matters are melted with caustic 
potassa, those giving a bhie color with iron salts afford pyro- 
gallol, as in the former case; the other tannic matters, on the- 
other hand, produce protocatechuic acid. 

The knowledge of the different members of the chemical 
family of tannic matters, in their details, is still very fragment* 
ary. A method is also still wanting which meets all demands 
for the quantitative estimation of tannic acids in all the numer- 
ous cases where they cannot be extracted with a tolerable degree 
of purity by ether-alcohol, as, for example, from nutgalls. Be- 
sides, if it be considered that the amount of tannic matter is 
subject to th6 fluctuations of vegetation, it cannot be greatly 
wondered at that the analytical statements relating to it deviate 
widely from each other. Many such estimations have been 
made from a technical standpoint, as in the case of oak-bark, 
so that the literature on this subject is quite extensive.* The 
oak-bark appears to be capable of containing a maximum of 
twenty per cent of tannic matter, or more than any other part 
of a plant which concerns us here," unless we take into consider- 
ation the galls (see the chapter at the end of this work: Patho- 
logical Formations). The latter, namely, are to be regarded 
simply as a morbid accumulation of tannic acid^ The gallo- 

^ It may suffice to mention here the following: '* Bericht tiber die Ver- 
handlungen der Commission zur Festellung einer einheitlichen Methode 
der G^rbstoffbestimmung, geffihrt am 10. November 1883 zu Berlin. 
Redaction und Einleitung tiber die bisherigen Verfahren der quant. Be- 
Btimmung des Gerbstoffs von C. Councler. Nebst IJntersuchung tiber 
die LdwenthaPsche Methode von J. V. Schroeder," large 8vo (IV., pp.. 
79), Cassel, Fischer, 1885. 

* The bark of the Australian Eucalyptus corymbosa is stated to con- 
tain twenty-seven per cent of tannic acid (Jahresbericht der Chemie» 
1868, 807), the Myrobalans forty-five per cent; Dividivi, the pods of 
Coesalpinia coriaria Wilid., fifty-five per cent, 
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tannic acid^ which is present in these malformations to the ex- 
tent of as much as seventy per cent, is remarkable as a specially 
distinct member of the family of tannic matters; at least the ex* 
ceptional cases in which it is supposed to have been elsewhere 
recognized (in the Myrobalans and in sumach) may still be re- 
garded with doubt. 

There may be distinguished physiological and pathological 
tannic matter. The former is produced normally in the vital 
process of the plant (thus the tannins of barks/ such as that of 
the oak, quebracho , and the willow). The pathological, on the 
contrary, is first produced in consequence of an external influence 
(the puncture of an insect, etc.), that is, in the course of a mor- 
bid process (galls). Both forms are also chemically and physi- 
cally different. Skins are only tanned by the physiological tan- 
nin (as in the formation of leather). 

The contents of the cells which have so far been treated of, if 
we except inulin, may be regarded as the organized contents. 
Besides these, however, there appear a number of unorganized 
bodies in the cells of plants, which are dissolved in the cell-sap, 
or deposited in the membranes, and which are not amenable to 
direct microscopical observation. 

In the cell-sap there are dissolved, for example, a portion of 
the inorganic salts, dextrin, sugar, plant acids — the cell-sap al- 
ways has an acid reaction — and tannic matters, msknj glucosides^ 
and bitter principles {Aloe, Pig. 63), coloring matters, amides, 
etc. ; in the membranes are deposited many alkaloids {quinine f). 

The chief solvent of most of these substances, water, evapo- 
rates to a large extent upon drying the drugs.* How considerable 
its amount may often be is shown in a striking manner by many 

^ Compare in this connection, F. von Hoehnel, <* Die Gerberinden, ein 
monographischer Beitrag zur technischen Rohstofflekre." Berlin, Op- 
penheim, 1880. 

' rXvHv3 sweat, and 8tdo5 likeness. 

' To this fact, as it appears, is referred the expression drug, German 
droge; the u, which is still frequently inserted in the latter word 
(drogue), is derived from the Romanic languages, which have appro- 
priated the word. Flflckiger, '* Geschichte des Wortes Droge," in Archiv 
der Pharm., 219 (1881), 81. 
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roots. The younger roots of Belladonna lose as mucli as eighty- 
five per cent of water; Radix Taraxaci, seventy-seven per cent, 
and juicy fruits still more. All parts of plants, however, retain 
water which we are wont to designate as hygroscopic water, but 
which by no means exists in the cells in a liquid form. The 
amount of this varies very considerably according to the nature 
of the tissues, and presumably also according to their con- 
tents. 

The squill, which is rich in sugar and mucilage, retains four- 
teen per cent of hygroscopic water, Radix Gentianm sixteen to 
eighteen per cent, and saffron about twelve per cent. If these 
substances are completely deprived of water in a drying-closet, 
or in the cold over sulphuric acid, and are again exposed to the 
ordinary conditions of preservation, they quickly absorb again 
about the same amount of water. Drugs which do not have a cel- 
lular structure likewise contain definite amounts of watery per- 
fectly air»dry starch, gum ardbic, and tragacanth, for example, 
thirteen to seventeen per cent. Seeds, on the contrary, and es- 
pecially those provided with a hard testa, are capable of retaining 
Lt a few per cent of water. 

After the evaporation of the water, dissolved substances are 
deposited in a solid form, as has already been mentioned when 
speaking of inulin. Only a limited number of substances in- 
soluble in water are capable of preserving in the dry tissue so 
liquid a form as fco flow in drops. Such are the volatile oils, the 
boiling point of which lies from 70 to 150 degrees or more 
above that of water, in consequence of which they evaporate only 
to a slight extent with the water at ordinary or only slightly 
elevated temperatures, and are still further retarded in this re- 
spect when they, contain resins in solution. 

It is remarkable that the milky juice of Jalap also still pos- 
sesses, in the dried drug, a liquid form, and indeed the resin pre- 
pared therefrom is capable of retaining water very obstinately. 

Besides the loss of water, and probably also of a portion of the 
volatile oil, many plants experience, upon drying, chemical 
changes, regarding which we are indebted to Schoonbroodt * for 
' Wiggers-Husemann's Jahresbericht, 1869, 9. 
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some valuable information^ and which deserve to be fnrther 
studied. Drying changes the properties of many drugs. With 
8ome^ peculiar substances first appear during the process of dry- 
ing, while others lose certain principles or acquire a different 
odor (compare also page 15). 

The amount of residue which remains upon drying vegetable 
objects at from 100 to 110° C, until of constant weight, ia 
termed the dry weight. Drugs dried at ordinary temperatures 
(about 15° C.) are called air-dried. 

While most parenchymatous cells during life contain, besides 
protoplasm and cell sap, only little or no air (bast-cells, vessels 
and intercellular spaces contain it abundantly), the cells of dry 
drugs are generally more or less filled with air, since upon dry- 
ing this takes the place of water. It is evident from the nature 
of the case that a complete replenishment of the cells with air 
is not perceptible by direct observation. In cells which are 
still succulent and vitally active, on the contrary, and in such 
which are impregnated with liquids for the purpose of examina* 
tion, as is necessary in making microscopical preparations, the 
air bubbles escape as dark rings from the liquid, in consequence 
of the total refiection of the rays of light. With these the be- 
ginner in microscopical observation soon becomes sufficiently 
acquainted, so as not to mistake them for something else. 
Tissues filled with air (cork, wood) fioat upon water, notwith- 
standing the fact that the specific gravity of cellulose and of 
cork is greater than that of water. Tissues free from air (for 
instance, the heart-wood of Quaiac), or such from which the air 
is removed, sink in water, as is also the case with thin laminas 
of cork, or with Lycopodium, as soon as the air has been ex- 
pelled therefrom by boiling. 

Of the dissolved substances contained in the cells the follow- 
ing may yet be considered: 

8agar is a very widely distributed constituent of drugs. 
Cane-sugar, and the other varieties of sugar, are so abundantly 
soluble in water, and probably also in most cell-juices, that 
even after drying they appear but rarely 'in a crystallized form 
or otherwise as a solid constituent of the cells. The more spar- 
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ingly soluble milk-sugar, which does not, however, require more 
than seven parts of water for solution at the ordinary tempera- 
ture, has as yet been found but once (1871) in the vegetable 
kingdom, in the fruit of the tropical Achras Sapota L. 

Orape-sugar (Dextrose),* deviating to the right, is of most 
frequent occurrence in the vegetable kingdom; it occurs, for 
instance, in grapes^ figs, pears, cherries, in liquorice-root and in 
tamarinds*, 

Fruit-sugar (Mucilage-sugar, Laevulose •), deviating to the 
left, is contained in honey, and often mixed with grape-sugar. 

Cane-sugar (Beet-root sugar, Saccharose), deviating to the 
right, is contained in the sugar-cane, sorghum, the sugar-beets, 
in carrots, and in the sap of the sugar-m^ple. By inversion " it 
passes into a mixture of one molecule of grape-sugar (dextrose) 
and one molecule of fruit-sugar (IsBvulose), the so-called invert- 
^ugar*; the latter is found in fruits and in honey. 

Mycose^ (Fungus-sugar) is found in fungi, for instance, in 
^rgot. 

Melitose* is found in the Manna obtained from the leaves of 
species of Eucalyptus {Australian Manna). 

Grape sugar is detected in the cells micro-chemically by 
Trommer's reaction/ The sections are placed successively in a 
<5oncentrated solution of sulphate of copper in water (they 
should be well washed, but not too long), and in dilute caustic 
potassa, and boiled in the latter. If sugar be present, there is 
formed in the cells a red, granular precipitate of cuprous oxide, 
Cu,0. (The execution of this reaction requires experience.) 

As a result of incisions^ there are formed in the Manna-ash 

^ Dexter, right. 

* Lcevus, left. 

^ By boiling with dilute acids. 

^ Invertere, to invert, for the reason that invert-sugar deviates to the 
left, that is, in an opposite direction to cane-sugar, 

* MvHo$ fungus. 

* MiXi honey. 

'' Sachs, " Microchem. Beactionsmethoden." Wiener Academie. 
Sitzungsberichte, 1859. 



HESPEBIDIN. 143 

crjstalliQe eiudatiouB {Manna), which contain as mnch as 
eighl;y per cent of a sweet principle, mannite 0,H,(OH),. 

The glucoside hesperidin' is contained in unripe fruits of 
the Aurantiece, dissolved in the celUaap, especially in the various 
apecies of Citrus (very abundantly in IVucius Aurantii imma- 



■turi). By immersing the fruits in alcohol, there are produced in 
the cells sph^ro-crystals, similar to those of inulin (Fig. 54), 

'Pfefter, Botan. Zeit, 1874, p. 481. Tiemann and Will, '• Ber. d. 
Deutsch. Chem. Oea.," 1881, 94fl. Virgil named the Semile orangM the 
Apples ot Eeeperides, the daughters of night in Grecian mytholog;. 
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which are soluble in slightly alkaline water and in alcohoL 
Crystals of this character have also been detected by Adolph 
Meyer ' in the leaves of Oonium maculatum. 

The peculiar bitter substances of Aloe leaves, aloes, are con- 
taiuQd in special cells, which are located directly in front of the 
vascular bundles (Fig. 63 a), and are confined toward the exterior 
by a nucleus- sheath in a single row and with bitter contents. The 
before-mentioned cells are short, and occasionally their contents 
are crystalline. The entire remaining tissue of Aloe leaves con- 
tains an abundance of mucilage, but no bitter substances. 

The kiuo, from species of Pterocarpus, also occurs as a con- 
stituent of longitudinally extended cells.* 

When a part of a plant is incinerated, there remains in the cru- 
cible a white residue — ^the ash* Since by careful ignition, in 
very many cases, the general outlines of the consumed portion, 
of the plant remain preserved (leaves of the Gramineae, hemp 
leaves, the shells of diatoms), it follows that the inorganic con- 
stituents of the membrane which resist the action of heat (at least 
in part) are so finely deposited that the molecule of the mem- 
brane can be removed therefrom by incineration, while the direct 
connection of the inorganic particles is not destroyed thereby. 
Not only in the membrane, however, do we meet with deposits 
of mineral constituents, but the contents of the cells are also 
abundantly provided therewith. It has already been shown that 
protoplasm contains ail abundance of salts, that crystals of 
inorganic bases occur in the cell-sap, and also that the globoids 
(p. 98) consist of inorganic double salts. The cell-sap, more- 
over, also contains not inconsiderable amounts of such mineral 
constituents of plants as are soluble in water, and these are in 
fact the most important, namely, nitrates, phosphates, and 
salts of potassium and calcium. 

Accordingly, the ash of plants contains all those substances 
which are known to be the necessary nutritive materials, name- 
ly: potassium, magnesium, calcium, iron,' phosphoric, sul- 

1 Compare also Mtickiger, '* Pharmakognosie," 1888, p. 663. 
* See the subsequent chapter on Receptacles for Secretions. 
' A deficiency of iron is shown in ieaves by their becoming yellow 
(chlorosis). 
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phuric and nitric acids, and chlorine. There also occnr in it 
«ilicium, sodium, manganese, aluminium, iodine, bromine, 
fluorine, lithium, and other elements.* 

Plants rich in silicium (grasses, diatomeae) — they contain it 
always in the membrane — leave upon incineration a so-called 
slceUto7i of silica,^ The Halophytes (salt-plants) especially con- 
tain sodium. Manganese is less extended, but is nevertheless 
found regularly, even though in small amount, for instance, in 
drugs from the family of Zingiberacese.* It suffices to reduce 
to ash a single seed of the cardamom, or a still smaller fragment 
of the fruit-capsule, by heating on the looped end of a plati- 
num wire in the oxidation flame of an ordinary alcohol lamp, and, 
if necessary, fusing with a little sodium carbonate and a trace 
of saltpeter, in order to obtain a bead which is colored green by 
the manganate of the alkali, and which when moistened with 
acetic acid affords the red permanganate. The same deport- 
ment is shown by the root-stocks of this family. The ash of 
ordinary cork (from Quercust suber) and that of other species of 
€ork is also green from the same cause. 

Aluminium is of rare occurrence, but is found in not incon- 
siderable amounts in the leaves and stems of species of Lyco* 
podium^ 

Iodine and bromine occur in the vegetable (and animal) 

' To interpret the composition of the ash is far more difficult. We are 
not yet capable of es^plaining the great differences found therein accord- 
ing to some general law. A very extensive compilation of figures re- 
lating to this subject maybe found in Wolff's '* Aschenanalysen von 
landwirthschaftlich wichtigen Produkten, FabrikabfSIlen und wild 
wachsenden Pflanzen/' Berlin, 1871. 

^ Such skeletons may be prepared by warming small pieces of coarse, 
firm leaves with concentrated sulphuric or nitric acid and potassium 
chlorate, expelling the acid, and heating the residue upon platinum-foil 
{preferably in a current of oxygen) or upon a very thin cover-glass until 
it becomes white. Tissues which have not previously been treated in 
this manner often fuse together in consequence of the amount of alkali 
contained therein. 

'Fltickiger, Pharm, Journ., III. (London, 1872), 208. Ibid., 1886, p. 
621; also Amer. Journ. Pharm, 1880, p. 147. 

10 
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inhabitants of the sea; fluorine in the testa of the seed of varie- 
ties of grain^ and lithium in tobacco. 

As silicium has in recent times been introduced into organic 
compounds in the place of carbon, the supposition is not entirely 
unjustifiable that the silicium contained in the cell-wall may be 
present in the form of an organic compound/ 

As is already naturally evident from mechanical principles, 
an increased thickening and solidity of the cell-walls corresponds 
by no means to a greater amount of incombustible substances.' 
The delicate tissue, containing air, of peeled colocynth, dried at 
100° C, afforded 11 per cent of ash, the seed only 2.7 per cent. 
Quassia wood from Surinam yields 3.6 per cent, the bark 17.8 
per cent of ash; guaiac wood, which is so exceptionally dense,, 
and which consists almost exclusively of strong wood-cells, gives, 
nevertheless, scarcely 1 per cent of ash. Leaves very frequently 
contain more than 10 per cent of inorganic constituents, for 
instance. Folia Stramonii as much as 17, and tobacco leaves 
occasionally 27 per cent of the substance dried at 100° C. 

The developing or merismatic, and the assimilating tissues 
(cambium, mesophyll of leaves) and organs (leaves ' and barks) 
are richer in ash than the completely developed and non-assimi- 
lating (wood). The mineral substances migrate from the fin- 
ished tissues to the places where development is going on. It 
is also seen from this that they must play an important part in 
the formative processes of plants.* 

To obtain the ash in a condition suitable for weighing is often 
somewhat difl&cult, from the fact that many parts of plants, 
and especially secreted substances, as gum,' resin and sugar, 
undergo complete combustion only very gradually. The incin- 
eration of such substances, especially of those rich in nitrogen, 

1 ** Berichte d. Deutsch. Chem. Ges.," 1872, 568. 

*That the strength of flexure, for instance, of the grasses, is entirely 
independent of the silica contained therein, is shown by water-cultures 
in solutions free from silicium. 

'About the time of the falling of the foliage the leaves become con- 
tinually poorer in mineral substances. 

^ This is also evident from the experiments with solutions of nutritive 
substances. 
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may be very much accelerated when the objects to be examined 
are heated on a channeled piece of platinum-foil in a combustion, 
tube in oxygen gas. The same purpose may be attained in a 
more simple manner, though also more slowly, when the sub- 
stance which has been carbonized in a platinum capsule is moist- 
ened with water, again carefully allowed to dry without decant- 
ing the water, and again heated. The water conveys the soluble 
salts to the unoccupied places of the capsule, and the subsequent 
admission of air facilitates combustion. If this procedure is 
repeated several times, a residue free from carbon will in most 
cases be obtained. Too high a temperature has a retarding 
effect when salts, such as phosphates of the alkali metals, are 
present, which fuse together and envelop the carbon; many^ 
substances are incinerated more completely by a very moderate 
degree of heat than at a higher temperature. Very hard shells 
of seeds offer obstinate resistance to the above procedure of 
moistening, which may be overcome by triturating the carbonized 
substance in the capsule, or in the crucible itself, with the aid 
of a very smooth agate pestle, being careful to avoid loss, and 
afterwards treating with water. By the strong ignition, which 
ordinarily is necessary towards the end, carbonic acid is ex- 
pelled, which must be replaced before the ultimate weighing of 
the ash, in order to obtain figures which will admit of compari- 
son. This purpose is accomplished by moistening the ash with 
a little concentrated solution of ammonium carbonate and 
again drying. It scarcely requires to be mentioned that for 
reduction to ash the substance employed should previously b& 
dried at 100° 0. 

The addition of ammonium nitrate or ammonium sulphate- 
also facilitates combustion, especially with substances rich in. 
albumen. 

The estimation of the residue left upon combustion is of the 
greatest practical value, especially for the examination of vege- 
table powders. For, since every portion of a plant, and thus alsa 
every drug, furnishes an amount of ash which fluctuates within 
definite and of ten. quite narrow limits,* the weight of the same 

1 Thus, by way of example, lycopodium affords 4, pure kamala about 
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may therefore afford information whether an adulteration with 
other vegetable or even inorganic powders has taken place. 

The estimation of ash must, of course, always be preceded by a 
microscopical analysis of the substance itself. 

11. The CelUwall. 

The integument of the cell is called the cell-membrane or cell- 
wall. 

The cell-wall of young cells is a thin membrane which con- 
sists of cellulose, and only at a later period becomes variously 
changed, either chemically through the deposition of other sub- 
atances, or morphologically through the insertion of molecules 
of the same kind. Even the membrane of young cells, however, 
is not perfectly pure cellulose, since it owes its first formation to 
the protoplasm, remains for a long time in contact with the 
nitrogenous substances of the latter, and is penetrated by them.^ 
Only cellulose which has been purified by means of chemical 
solvents corresponds to the formula 0„H„Oj^. 

In living cells, the wall is in most intimate contact with the 
protoplasm-sac. To this contact is to be referred the growtll 

of the cell. 

The growth of the cell takes place in a twofold manner, on 
the one hand by a change of form, and on the other by a trans- 
formation of the chemical nature of the cellulose, which, in the 
course of development of the cells, is capable of assuming a series 
of new chemical and physical properties. 

The change in form of the cell concerns either chiefiy its out* 
line, and in this case may be considered surface-growth, or the 
development of the cell is specially expressed by a thickening of 
the wall, so that the growth in thickness determines the appear- 
ance of the cell. Although both directions of growth are not 
sharply to be separated, and are essentially based upon the 
same processes, they nevertheless deviate widely from each other 
in their results. 

13, lupulin about 8, starch less than 1, cacao about 4, mustard seed and 
flaosseed from 4 to 4.5, and jpepper about 5 per cent of ash. 
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If through a perfectly nniform depositioD of Dev particles of 
cellnloee the mass of the ceil-wall hecomes eqaally enriched all 
aroand, but not actaally thickoned, it is compelled to assame a 
spherical form, and the cells become iaodiametric,' as in many 
young tissueB. Their mathematical regularity, however, is 
altered, as soon as the reception of constrnctire material takes 
place more energetically in certain places. The outline of the 



e deTelopmeDt ot the wall ol a wood-oell. a, 
youngest state; /, the flniahed condition. It la Duly in the firat three Hagee that the 
nudeua ot the oell Is preserved (HarUgl. A Sim ot tnterceUular anbstance closes th& 
pita ot the oelU. 

cells is also very essentially controlled by the fact that they 
mutually oppose their free expansion. In such cases the form 
of a sphere becomes flattened to that of a dodecahedron, which 
is the most uniform of those forms of cells of so frequent 
e which we designate as spherically-polyhedral, since 
7tfo5 equal, aad Stdfitftep diameter. 
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from their variety and slight regularity they preclude a more 
precise definition (Figs. 39, 30, 31, 56, 63, 66, 76). 

When the deposition of new cell material does not take place 
chiefly in a direction tangential to the cell-wall, bnt in such a 
manner that the latter grows in thickness,, this growth can take 
place more largely either toward the exterior or toward the 
interior. In the first case, prominences of various kinds are 
formed (spores and pollen cells, the outer wall of epidermis 
cells), in the latter, the cavity of the cell becomes contracted. 




often almost entirely filled up (some bast cells and stone-cells). 
A perfectly uniform thickening, however, never takes place, but 
the cell-membrane retains in some places its slight thickness. 
The appearance of the cells which are subjected to a considera- 
ble extent to the growth in thickness is chiefly determined by 
the relative extent of the thickened places and those which have 
remained thin. If the thickened places are in about the same 
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proportion as those which have remained thin, the membrane 
preeents, npon a transverse section, a necklace shaped (monili- 
toim) appearance. Such cells are, for instance, highly charac- 
teristic of the coffee-bean.' Where the thickeued places do not 
attain great extension, and appear especially upon the inner 
surface, they often assume the form of rings or spiral bands. 
Thns originate the spirals in many fibro-vascnlar bundles, as, 
for instance, in the squill (Fig. 66), as also the net-like and 
scalariform thickenings (Fig. 68) of the vessels and parenchyma 
cells (Figs. 67, 83, and 182). ; 




Fio. e7.— OeUg wlti net-shaped thickenings (Dippel). Compare »lao Fig. ISt 



When thickening of the cell-wall extends over the largest part 
cf the inner surface, and exeraptsbut a few expanded dot-shaped 
places, pores are pi-odueed (Pig. 69). With a considerable thick- 
ening of the cell-wall audi places appear as dots, or by a still 
greater increase in the thickness of the wall as pore-canals 
(as in the stone cells, Fig. 70). Frequently a spiral-shaped 
arrangement of the dots may be observed (Fig. 71), and the 
course of the pore-canals also often approaches that of a 
spiral line. Many true basS-cells have cleft-shaped dots 

' Berg's " AUaH," Plate 49, Fig. JSl. 
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arraQged in a spiral inclining to the left (compare the subsequent 
references under Mechanical System of Tissue). A special 



gcBlaiitorm thk^miogB {fv).— 



form of thickening is represented by the bordered pits or 
areolated dots (Fig. 72). When the cell-wall becomes thickened 




Fia. 89.— Porous oella. 



toward the interior around a place which remains thin, a canal 
will remain open, which in form must approach that of a very 
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obtnBe cone, io bo far as the Tails of the canal are not Baperposed 
perpendjcntarly to the wall of the cell. If in this manner the 
oanal becomeB narrower toward the interior, it finally corre- 
Bponda in form to a somewhat dilated funnel. The npper edge 
coneBpondB to the place in the wall which has remained nn- 
thickened, and within this circle or border the aperture of the 
funnel toward the cell-cavity appears as a pit. 

Similar areolated pits are wont to appear simultaneonsly at 
snch places where two cells come in contact by the surface of 
their walls ; the intervening wall, which, moreover, does not 
always lie in the median line of the pit, but is often, aB ia 

S 




Fig, 64, d, e, /, pressed against one of the apertures (wood-cells 
of the Coniferte), disappears by age, so that the space occupied 
by the pit establishes a direct connection between the two cells 
(Fig. 73, A, 0). These hollow spaces, which sometimes resem- 
ble two funnels, one inverted over the other, and which are 
Bometimes arched in a more lens-shaped manner (Fig. 73), are 
easily recognizable where they occur more Isolated, If, however, 
they are formed in larger number closely beside each other, and if, 
through increasing thickening, they become gradually contracted 
in a cleft-like form, more complicated relations are produced. 



1 
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which are clearly disclosed only in thin and carefully prepared 
sections (SenienJJolchici)^ 

In those cases also where thin places of the cell*memhrane 
remain preserved only in extremely slight amount and extent, 
the growth in thickness does not take place through the simple 
deposition of new encircling scales or layers of cellulose. The 



1^ 
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Fio. 71. 
Fio. 71.— Spirally arranged pits. 



Fig. 72. 



Fio. 72.— Areolated dots of the tracheids of fir-wood. A^ transverse section through 
the tracheids or wood-cells, the pits shaded ; B and C, schematic longitudinal sectionfir; 
the spherical lines denoting the circumference of the pit and the border ; D, two adjar 
cent pits cut in the direction of length, with the partition-wall still retained (Sachs). 

3tratificationy which is often highly remarkable, depends upon 
variations in the amount of contained water and in the condi- 
tions of tension of the individual layers ; those containing less 
water and which are denser, stand out distinctly in consequence 
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of their greater capability of refractiug the light. Chemical 
distinctions (various degrees of ligDification) also play a part in 
■this. The function of the contained water may be proved by 
complete desiccation or by more complete swelling, both of 
which equalize the differences, and often either break up the 
stratification or obliterate it to a large extent. The bast fibres 
of the Cinchona harks possess almost entirely thickened walls, 
with distinct stratification (Fig, 73), When they are softened 
l)y means of energetic reagents, snoh as caustic soda, concen 



Fia. 78.— Biut-flbree trom Cinchma-barfca, 

trated sulphuric acid, or ammoniacal oxide of copper, and the 
tension of the particles of cellulose becomes equalized, it is dis- 
-tinctly seen that the thickening is not due to a simple concen- 
"tric succession of layers, but to far more complicated processes.' 
In the Cinchona fibres, particularly, there is brought to view in 

' A more precise elucidation of tbeae remarkable conditions is given 
b^Nftgeli, "Bau der vegetabilischen Zell mem bran ." Sitzungsbericbte 
■der M&achener Akademie, June, 18G1, page 145, Also Sachs, "Lehr- 
buch der Botanik," 18T3, p. 30 et neq. Winers and Husemann, Jahres- 
bericht, 1866, 89. 
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the manner indicated a acrew-ahaped dispoBition of the thick- 
ening (Fig, 71). Hofmeister' found by maceration of these 
fibres in nitric acid and potassiam chlorate, and Bnbseqnent 
pressing, a more scale-shaped arrangement of the layers. 

Cells, which have walls of coosiderable thickness when com- 
pared with the diameter of the lumen (cell -cavity), that is such 
in wbicb the latter is contracted to a very small cleft, are desig- 
nated as bast cells when they are extended in length (Figs. 110 
and 111), or as stone-cells (Figs. 75 and 76') when thej are but 



Fio. 74.— ^, But ffinvarnimOfncJumabarto, boiled with bydroohloilo KddJ; P,tli» 
same softened In ammoniacal oxide of copper otter IreUment with iQ-drochloricradd, 
(P from Dlppel) ; i, original size of the cell ; i, the swollen layers. 

short. The latter, particularly, show a rery distinct stratifica- 
tion of the membraae. 

I " Verhandl. d. Sfchs. Gesellsoh. d. Wisseuach.," X.. 1858, p. 82. 

' They may also be called sclereids (derived from 6>ekrf/i6i hard) in op- 
position to the proper mechanioal cells, the stereid» (from Creptdi mas- 
aive). Compare Tschirch, "Beitrfige zur Eenntnia dea mechanischeD 
Gewebesyatema," PriaKBheim'a Jahrb., 1885, and "Ber. d. deutsch. 
botan. Ges., III. (1885), No. 2. 
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The thickening layers bnild themselreB up, over the places 
Thich remain thin, in snch a manner that the small canals run- 
ning toward the centre pr the axis of the cell often present a 
sort of star-shaped arrangement {Pig. 76). 




Fin. 73.— V»riouB Btono-oells. 

The stone-cellB or sclereids (see also subsequent references 
-under the section : Mechanical System of Tissue) are widely 
^Btributed in many barks, the testa of seeds, seed-vesselB, etc. 
AserieB of remarkable and manifold forms of them is readily 



Fio. T8,— Stonfr^ellg, whose cavities, i, Uunigh radJaMly arranged por»«aiulB, p, are 
tmnigM Into connecUon with the outer surface, or even with adjaceot cells, f. 1, it, 8, 
thlckesing layeis (Dlppel). 

afforded, for example, by the star-anise. The fruit-stalk con- 
tains branched stone-cells,* the wall of the capsule such as are 
nearly cubical. 

' ^"^li "NahniDga-undOenuBsmittel." Vienna, 1673, 111. 
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The thickening of the cell-wall niay also, nuder certain con- 
ditions, confine itself to the corners, thus forming the so-called 
coUenchyma,' which ia met with m the _barks and seeds of very 
many plants. 

The relative thickening of individual cells and forms of cells 
is, moreover, very manifold. While the parenchyma remains 
mostly thin-walled until the close of life, the wood- and bast- 
cells become provided with strong walls at a very early period. 

Bast-tabes and etonc-cells when observed in thin sections 
nnder glycerin in polarized light, ate seen to be doubly refrac- 
tive (Fig. 77). A transverse section throagh cinchona fibres 



shows four dark arms of a cross upon a brightly shining ground 
(Fig. 77, I.). 

In the preceding pages, those morphological changes of the cell- 
wall have been considered which take place in the process of 
vegetation. It still remains for us to subject the chemico-phy- 
sical changes to closer con aide rati on.* 

' Derived from xokka, glue, since it was formerlj, but incorrectlfr 
believed that the coUenchyma calls could become mucilaginous. 

' With regard to the ohemistrj of the cell-membrane, compare partio- 
ularlj the more recent reaeacobea of Cross and Bevon, "The ChemistfT 
of bast-Sbres," in theChem. News, 18S2; Webster, "On the analysis of 
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The cell-wall is subject to chemical and physical changes, 
either through the deposition of woody matter^ lignln^ or cork- 
fat (suherin),^ as also through a retrograde metamorphosis of the 
cellulose into gum and mucilage. 

All young cell-membranes^ and most of the walls of cells, with 
which we shall become acquainted under the designation of 
parenchyma, as also many appendages of seeds which are de- 
veloped as h9AT%(Cottony Asclepias, Eriodendron, Salix), consist 
of pure cellulose. The phloem^ leptom (sieve- tubes and cambi- 
form tissue), always remains unlignified. Membranes consisting 
of cellulose show, even by superficial microscopical observation, 
an entirely different capacity for the refraction of light from 
lignified and suberified membranes; they appear clearer, more 
strongly refractive, and jelly-like (coUenchyma, the cell-mem- 
branes of Macis). Cellulose membranes are digestible. 

As already intimated on page 123, there are some exceptional 
cell-walls which, in contact with iodine-water, are colored in a 
similar manner to amylum. By the treatment of pure cellulose 
with mineral acids, this faculty may quite generally be imparted 
to it. The respective sections or objects (for instance, cotton) 
are moistened for an instant with sulphuric acid of the specific 
gravity 1.84, washed without delay with much water, and theu 
powdered iodine strewn upon the moist preparation, or it i& 
impregnated with iodine-water (see Micro-chemical Reagents). 
The reaction succeeds with still greater certainty with phos- 
phoric acid, which is first concentrated as much as possible on a 
water-bath. When hydriodic acid has been formed in an iodine 
solution which has been long preserved (see Micro-chemical 
Beagents), such a solution can effect the blue coloration of cellu- 
lose without the co-operation of other acids. The reaction admits 
of demonstration, without further preparation, with moistened 
parchment-paper, which is sprinkled over with finely-powdered 

certain vegetable fibres/' Ibid., 1882; Schuppe, " Beitr&ge zur Chemie 
des Holzgewebes." Inaugural Dissertation, Dorpat, 1882, in which the 
older literature is also to be found. 

1 Lignum, wood. 

'iStiber, cork. 
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iodioe. A solution of chloride of zinc with iodine colors cellu- 
lose membranes violet. 

The cellulose of f ungi^ and suberified and lignified membranes 
are not colored by the above-described treatment; in the case of 
the latter two, however, this may be brought about if they are 
previously boiled with nitric acid (specific gravity 1.185) with 
the occasional addition of a few crystals of potassium chlorate 
("Schnitzels maceration^'). The cellulose of fungi, however, 
-even after this treatment, is not colored by iodine. 

Concentrated sulphuric acid alone (specific gravity 1.84) 
dissolves cellulose with complete chemical change. This is not 
the case when cellulose is dissolved in ammoniacal oxide of cop- 
per (see Micro-chemical Reagents). In contradistinction to the 
lignified membrane, pure rellulose possesses an exceedingly 
slight inclination to take up aniline colors (page 161). 

Pure cellulose may be prepared by the successive treatment of 
tissues consisting of this substance (cotton, the pith of the elder 
and of Aralia papyrifera) by means of caustic potassa, acids, 
water, alcohol, and ether, or by the precipitation of its solution 
in ammoniacal oxide of copper by means of water. 

One of the most widely distributed modifications of cellulose 
is formed through the deposition of lignin (xylogen^). A 
membrane thus altered is termed lignified.* 

Lignification appears at very early stages in the so-called wood- 
cells. The wood-cells which, in dicotyledons, are separated 
toward the interior by the growth in thickness, already possess 
lignified membranes long before they become thick. The bast* 
cells and many stone-cells (sclerei'ds) are also often lignified. A 

* ^vXov wood, and yevvaoo produce. 

'Compare in this connection Stackmann, ** Studien fiber die Zusam* 
mensetzunii: des Holzes," Inaugural Dissertation, Dorpat, 1878, and the 
previously mentioned dissertation of Schuppe. — M. Niggl, *' Ueber die 
Terholzung der Pflanzenmenbranen *' (an historical survey). Jahres- 
berichtder PoUichia, Kaiserslautem, 1881. — Ebermaier, ** Physiologische 
Ohemie der Pflanzen," 1882. In this work (p. 175) will also be found 
statements relating to the amount of lignin contained in some woods. 
Thus (according to SchuLze) oak-wood contains 54.12- per cent, and fir- 
wood 41.99 per cent of lignin. 
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regular lignification of the membrane is also found in the walls 
of vessels. Lignified membranes refract the light to a less 
extent than those consisting of pure cellulose, and mostly 
appear light-yellow under the microscope; they are hard and 
elastic, and but little capable of swelling. 

Lignified membranes are characterized micro-chemically by 
the fact that with a solution of iodine in chloride of zinc they 
become yellow (not violet). In ammoniacal oxide of copper and 
Schnitzels macerating liquid (page 160) they do not dissolve. 
With aniline sulphate and dilute sulphuric acid they become 
straw-yellow, and with phloroglucin and hydrochloric acid 
<;herry-red; the aniline colors are greedily taken up by them. 
By boiling with Schnitzels mixture or with alkalies, the lignin is 
removed, and the membranes thus treated then show the cellu- 
lose reaction. Morphological alteration, however, by no means 
^oes hand in hand with a change of physical and chemical 
character. While, for example, the wood-cells, even in quite a 
young condition when their walls are but very little thickened, 
Ave strongly lignified, and the very thin-walled cork-cells are 
-always suberified, the strongly thickened coUenchyma, and many 
bast-cells which are thickened so as to cause the lumen or cavity 
to disappear, remain unlignified. 

The third modification of cellulose is eork. 

This is formed by the deposition between the cellulose mole- 
cules of suberin, which latter consists for the most part of the 
glycerin (propenylic) esters of stearic acid and of phellonic* 
^cid, Cj^H^jO,.* Suberin appears to be identical with cutin.^ 

The epidermis-cells of the more delicate organs of all land 
plants are covered by a delicate film termed the cuticle. The 
older organs, especially those of the stem, on the contrary, 
-develop on their outer surface a layer consisting of tabular cork- 

' $eXXov cork. 

^Definitely established by KHgler at least for the cork of QuerctM 
Suber (*' Ber. d. deutschr botan. Ges.," I., p. xxx., and Inaugural Disser- 
tation, Strassburg, 1884). 

^ Beside suberin, there is also found in cork a wax-like body, cerin. 
The cuticle appears to contain more of the latter than the cork. 
11 
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cells. The cuticle and cork are both produced through suberi- 
fication (the respective deposition of suberin or cutin in the 
wall of cellulose). 

The cuticle may occasionally become very thick (the leaves of 
Eucalyptus y Agave, Aloe) and in the same manner many layers 
often develop cork (the Oak *). Since both the cuticle and the 
cork are but slightly penetrable by aqueous vapor, they serve a& 
a protection for the organs of the plant against too strong eva- 
poration. 

Suberized membranes are mostly brown. They are just as 
little digestible as lignified membranes, but resist putrefaction 
very energetically, as does also the cuticle. 

Micro-chemically, suberized membranes are characterized by 
the fact that they dissolve neither in concentrated sulphuric acid 
nor in ammoniacal oxide of copper. The cork and cuticle there- 
fore remain behind when tissues are treated with sulphuric 
acid. 

It is, however, to be observed in this connection that the mem- 
branes of the tissues of drugs, in consequence of theij strong in- 
filtration with the constituents of cells, which takes place dur- 
ing the process of drying, often resist very obstinately the action 
of reagents, even when no suberification, etc., has taken place. 
It is only after repeated boiling with alcohol, water, and ether, 
that such membranes are made accessible to reagents. 

Suberin cannot be removed from the membranes by the ordi- 
nary solvent of fats, but only through the action of alcoholic 
potassa. It is therefore very firmly (perhaps chemically ?) com- 
bined with the cellulose. 

Closely related to the lignified and suberized membranes is the 
so-called intercelliilar substance (middle lamella), or that 
substance which cements the cells to each other (x in Fig. 64). 

The intercellular substance ' is insoluble in concentrated sul- 
phuric acid and in ammoniacal oxide of copper; on the other 

1 Compare also the section : Epidermal Tissue. 

' Compare herewith, among others, R. F. Solla, '' Beitr&ge zur nftheren 
Kenntniss der chemischen und physikal. Beschaffenheit der Intercellu- 
larsubstanz," in Oesterr. botan. Zeitschr., 1879. 
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hand, it is soluble in nitric acid with the addition of potassium 
chlorate (though not without decomposition) and in a hot solu- 
tion of caustic potassa. Aniline colors are strongly absorbed by 
it. 

The cell-membrane of the living plant (and to an increased de- 
gree that of drugs) contains, however, beside the deposited sub- 
stances just mentioned, not only the organic constituents of the 
cell which enter it by infiltration, but also abundant amounts of 
inorganic compounds,* as has already been explained (page 144 
et seq,). These are mostly deposited molecularly (as silicium),* 
more rarely in form of crystals (as in the spicula-cells of Welwit- 
schia mirdbilis and the epidermis of Dracceha leaves). 

As has previously been mentioned, the cuticle contains not 
only suberin, but also wax-like bodies. Occasionally wax 
issues from the membrane, and then forms coatings consisting 
of granules, small staffs, or crusts. If these are distributed in 
slight amount over the epidermis, the plant organs assume the 
appearance of being covered with hoar-frost (pruinosus), thus 
the leaves of Eucalyptus, Ricinus and Cahhage, Plums, and many 
other allied fruits, and Juniper berries. In some plants, how- 
ever (especially several palms, Anacardiaceae, Myricaceae), the 
secretion is so considerable that the wax may be collected in 
large amounts, as, for instance, the Carnauba-wax, from the 
young leaves of the East Brazilian palm, Oopernicia cerifera 
Martins. 

The different varieties of wax are esters (compound ethers) of 
the fatty acids; upon saponification they do not, however, afford 
glycerin, but other (monatomic, not triatomic) alcohols. 

The varieties of gum and the mucilages, being closely related 
to cellulose, must bie considered in connection with the latter.* 

* The amount of mineral constituents of the membranes is very vari- 
able. The best quality of cotton, dried at 100° C, affords but 1.18 per 
cent of ash. 

' In the siliceous coatings of diatoms, and in the grasses. 
» Compare De Bary, Botan. Zeit., 1871, Nos. 9, 10, 11, 34; and "Ana- 
tomic, "p. 87 et seq. , 

* Ck)mpare also Valenta, " Die Klebe- und Verdickungsmittel." — Cassel^ 
1884. 
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The relations of these bodies to each other, as also to cellulose. 
Lave, however, not yet been made clear. 

According to Giraud * these substances may be grouped in the 
following manner: 

1. Ordinary varieties of gum: arabin, bassorin, cerasin; 

2. Pectose: gumtragacanth{8idTB>ga,ntin); 

3. Plant mucilages in a more restricted sense: 

(a) insoluble in alkalies and dilute acids (the cellulose of 

quince-mucilage) ; 

(b) insoluble in alkalies, and forming with acids glucose 

and a variety of dextrin: flaxseed, mucilage of Irish 
moss; 

(c) soluble in hot, concentrated alkalies, and converted by 

acids into dextrin and glucose. 

Mucilaginous substances, in the broadest sense, are also dis- 
tinguished by their behavior to nitric acid; some afford with 
it mucic acid, C^H^(OH)^(COOH)„ while others do not. 
Furthermore, the aqueous solutions of many varieties of gum are 
precipitated by the normal acetate of lead, while others are only 
precipitated by the basic acetate.' 

Gum araMc and cherry-tree gum (cerasin), as well as iraga^ 
€anth, are formed by a retrograde metamorphosis of the cell- 
membrane,' that is, by a pathological process; the former two by 
a conversion of the membranes of the peripheral layers of the 
^' horn-bast prosenchyma " * into gum, the latter through a meta- 

1 Compt. rend., 80, 477; compare also Husemann and Hilger, <' Die 
Pflanzenstoffe," I. (1882), 131. 

> Compare Kirchner and ToUens, Liebig's Annalen, 175 (1874), 205. 

' In reference to this and the following statements compare: Mohl, 
Bot. Zeit., 1857, 33.— Frank, Jour. f. Pract. Chem., 95, 479; idem, Prings- 
tieim's Jahrb. ftir wissenschaf tl. Botanik., Y., 25. — Wigand, " Ueber die 
Desorganisation der Pflanzenzelle," in Pringsheim's Jahrb., III., 115. — 
Prillieux, ** La formation de la gomme." Ann. des so. nat., 6 Ser., Bot. 
I.. 176. 

* With regard to horn-bast, compare Wigand, Flora 1877, p. 369, and 
** L^rbuch der Pharmacognosie,'' 1879, pp. 9 and 38; further Flttokiger, 
*^ Pharmakognosie," 349. The word ** horn-bast " should be expunged 
from the modern terminology. * 
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morphosis of the membraiieB in the medulla and medullary rajs 
(Fig- 79). 

In the Amygdalese, however, gum also occurs abundantly in 
the vessels and other elements of the wood, and often even en- 



FiG. 78.— TbefonuatloDof sumiachenT-wood;?, agKregnMs oCgum (ormed throu^ 
metamorphsis ol the cell-membranes; r, veeaels more or less fliled with gum; m, medul- 
«ry rays; iS, atiaual ring, spring wood; ih. annual ring, autumn wood (Tachirch). 

tire groups of cells of the woody structure aufler a conversion 
into gum (Fig, 78 g), as in the so-called gnm disease. 
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Beijerinck* attributes the origin of gum arabic, the ^^gum- 
mosis^^ of species of Acacia of Africa, to the fungus Pleospora 
gummipara Oudemans; another fungus, Corynenm BeijerincJcii 
Oudem., causes the gummosisof the Amygdaleae. Prank does 
not concur in this view, andWiesner {Botan. Zeit,, 1885, p. 577, 
also Ber» d, Deutsch Chetn. Ges., 1885. Eeferate p. 639), recently 
attempted to show that the transformation of cellulose (and 
starch) into gum or mucilage is due to a peculiar ferment, a 
•*' diastatic enzyme/' At all events, the true gummosis, which is 
certainly a pathological process, must be separated from the 
gum formation which serves as a protection to tissues (see sub- 
sequent references), and which is only intelligible from a physio- 
logical point of view. They are also distinguished from each 
other by the fact that the *^ pathological gum'' — and only this 
is of interest to us here — is formed through a metamorphosis of 
ihe membrane, while the ^^ physiological gum " represents an 
exudation of the membranes into the cell-cavities. 

The transformation of cellulose into gum and mucilage can 
also take place without so great an alteration of the cells and 
tissues as in the case with gum arabic and tragacanth. In such 
a case only one layer of the membrane becomes metamorphosed, 
as is shown, for instance, by the conversion into mucilage of 
the filamentous AlgsB. The gum mucilage of the glandular 
hair (coUeters) or many foliage buds, which is often mixed with 
volatile oil and resin, is formed through the conversion into 
mucilage of a membranous layer (collagen layer ') lying under- 
neath the cuticle of the glandular hair. The mucilage of quince 
:$eed and of flaxseed is probably also formed primarily through 
a conversion into mucilage of only the secondary membrane of 
the epidermis cells » of the respective seeds (Prank). The 
seeds of many of the Papilionaceae, for instance, those of Trigo- 

^ ** Onderzoekingen over de Besmettelijkheid der Gk>inziekte bij 
planten." Amsterdam, Job. Mtiller, 1884, 4to, 46 pages, 2 plates. 

' KcXXa glue, and yevvdto to produce. Hanstein, ** Ueberdie Organe 
.der Harz- und Schlelmabsonderung in den Laubknospen." Bot. Zeit.» 
1868, No. 4a, 

« Berg's ** Atla8,*'.Plate XLVI., Figs. 122, 123 6. 
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nella fmnum grcBciim {fenugreek seed), present an illustration of 
the formation of mucilage occurring in the inner tissue, not in 
the epidermis.* 

In leaves, mucilage appears to be formed but rarely in larger 
amounts. A very remarkable example of this character ' is 
presented by the Buchu lea/ves from Barosma crenulata Hooker 
And other species. 

But mucilages are also formed in the plant, apparently with- 
out this direct participation of the membrane. They then fill 
either all the cells of the tissue {Irish moss), often in combination 
"with starch {Sphceroooccus lichenoides), or are confined to indi- 
vidual cells, which are often distinguished by their shape and 
size {cinnamon, elm hark, salep 8), or, finally, are given off by 
intercuUular receptacles of secretions (Cycadese). Even the gum 
which exudes upon wounded places, for the purpose of closing 
the vessels — and which, therefore, serves a physiological pur- 
pose — is not formed through a conversion of the membrane into 
gum, but is secreted by the same in the form of drops * (see 
above). 

The designation, iassorin, has injudiciously * been trans- 
ferred to a part of the mucilages. Solutions of plant mucilage 
are not only precipitated by basic acetate (subacetate) of lead, 
but also by the neutral acetate (sugar of lead). Plant mucilage 
from its various sources presents, however, in its behavior to 
water, all gradations, from complete solubility to mere swelling, 
accompanied by but extremely slight solution. For the pur- 
pose of microscopical examination of tissues containing mucilage, 
those liquids are therefore useful which act to a less extent upon 

> Fltlokiger, '* Pharmakognosie," 1888, 934. 

• Fltlckiger, Schweizerische Wochenschrift ftir Pharmacie, 1873, p. 
485; FmckigerandHanbury, ** Pharmacographia/' 1879, p. 109; Radlko- 
fer, ''Sapindaceen-GattunK Serjania." Munich, 1875, 100. 

» Berg's *' Atlas," Plate XXIII., Fig. 57. 

* Frank, '*Berichte d. deutsch. botan. Ges.," II. (1884), 322. 

^ Injudicious in so far as under the name of Baasora Oum different 
and not accurately known varieties of mucilage, similar to tragacanth, 
have been grouped together; the expression hassorin is, therefore, not 
capable of precise definition, and should be abandoned. 
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the latter, anch as concentrated gljcerin, alcohol, and fatty or 
volatile oils. The mucilage then appears contracted to a masK 
which no longer completely fills the cell, as, for instance, in 
Bulbus SciU(E. Occasionally the masses of mucilage show a 
stratification, which is rendered more prominent upon the addi- 
tion of alcohol, as may be seen in Radix AUhwm. In such cases 
it is to be assumed that a gradual, even though but partial, con- 
version of the cell-wall into mucilage has taken place, especially 
when the mucilage, as in saUp, is colored blua by iodine and 
sulphuric acid, or is even soluble in ammoniacal oxide of copper, 
like pure cellulose. The latter is the case with the terminal 



l/X-; 



fiQ. 79.— Transverse section through tmg( 
naote of tbe cell-membrane which has been c 
granules. 

member of the cellulose series, lichenin (see pages 133 and 
170), which is related to the varieties of mucilage. That the 
cell-walls are capable of passing entirely into mucilage has al- 
ready been noted {page 164). In the formation of tragacanth, 
not only the cell-membranes participate, but also the starch 
granules which were previously deposited in the tissue, and 
which to a slight extent are still retained as such in the traga- 
canth (Fig. 1^). Other constituents of the cells also occasionally 
take part in the formation of gum and mucilage. 
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Considerable diflferences, which have, however, been demon- 
strated as yet only by a few examples,* are also presented by the 
various kinds of mucilage from an optical point of view, some of 
them rotating the plane of polarized light to the left, in the 
same manner as ordinary gum, while other mucilages rotate it 
to the right. 

With regard to their chemical character, gums and mucilages 
are but little known, and are with difficulty freed from inor- 
ganic constituents and nitrogenous substances." Oum arable 
appears to be composed of the calcium, potassium, and magne- 
sium salts of arable acid. If the formula Ca(0^,H,,0„)3 + 3H,0 is 
assigned to gum arable, it must contain 13.3 per cent of water 
and 1.9 per cent of calcium; these numbers nearly correspond to 
the actual proportions. 

It is also scarcely possible to characterize gums micro- 
chemically. They mostly swell in water (not the gum produced 
by wounds) and are not rendered blue by iodine, or by iodine with 
sulphuric acid. The plant mucilages are colored yellow or blue 
by iodine, and blue or violet-brownish by iodine with sulphuric 
acid. Both are insoluble in ammoniacal oxide of copper. The 
amyloid of Schleiden, which should also be considered here, is 
colored blue by iodine, yellow by iodine water, and is soluble in 
boiling water. In some cases, for instance, in Cydonia and 
salep, the mucilage retains the capability of being colored from 
reddish to blue by iodine, after treatment with sulphuric acid, 
and in this respect stands one step nearer to cellulose. It does 
not follow from this, however, that mucilages always originate 
from cellulose. In Semen Cydonice, Sem. Lini, Sem.SinapisalbcB, 
and also in the seeds of Plantago Psyllium, before they ripen, and 

1 Wiggers-Husemann's Jahresbericht, 1869, 154, top. 

' Tragaeanth affords three per cent of ash. In mucilage of Irish 
moHS, even after repeated purification, there are still contained sixteen 
per cent of inorganic substances and 0.88 per cent of nitrogen (= six 
per cent of albumen): Wiggers-Husemann's Jahresbericht der Pharm., 
1868, 83. With reference to many other varieties of mucilage compare 
Frank, Pringsheim's Jahrb. ftir wissenschaftliche Botanik., V. (1866)» 
161. 
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before mucilage makes its appearance in the respective cells, 
there are found starch granules, which afterward disappear — a 
circumstance which very probably stands in definite relation to 
the formation of mucilage. 

We shall also meet with a transformation and solution of 
cellulose later on, when we come to the consideration the origin 
of cell fusions. In the formation of vessels, sieve-tubes and 
lacticiferous ducts, namely, a resorption (solution) of the trans- 
' yerse walls consisting of cellular substance takes place. Besides 
this process of solution, there also occurs, during the formation 
of the lysigenic balsam ducts (see also under ^^ Eeceptacles for 
Secretions "), a transformation of the cellulose into secretions. 

Thus, for example, the membrane may become converted into 
resin * (see Index references to the latter). Such a transforma- 
tion appears also to be the case in the formation of the resin of 
Folypor us officinalis Fries. 

With the varieties of gum and mucilages are also connected 
the pectic substances^ the knowledge of which is still very 
incomplete. 

In close connection with the bodies which have here been 
treated of stands liclienin ' (lichen-starch, amylo-cellulose), a 
carbo-hydrate deposited in Cetraria islandica, in Usnea, Parme- 
Ua and Cladonia, AccordingtoBerg, the lichenin of the first- 
named lichen, the Iceland moss, is a mixture of two substances, 
one of which is colored blue by iodine and is dissolved by 
chloride of zinc and ammoniacal oxide of copper.' 

' The formation of resin can take place: 1. As a true secretion through 
proper organs of secretion. 2. By the liquefaction of the outer walls of 
certain cells. 8. By a metamorphosis of the entire cell-wall and con- 
tents of the cell (lysigenic and pathologic receptacles for resin). 4. By 
a transformation of certain constituent bodies, increasing the resin 
formed according to 2 and 8. (Ck>mpare Hanausek, *' Jahresbericht der 
Handelsschule in Krems," lb80). See also subsequent references under 
«< Receptacles for Secretions." 

• From lichen, 

'Jahresbericht der Pharmacie, 1878, 21. Compare Flttckiger, 
" Pharmakognosie," second edition, 278, and ** Ueber St&rke und Cellu- 
lose," in Archiv der Pharm., IM (1871), 27. 
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II. Forms of Cells. 



Notwithatanding the uDlimited variety of forms of developed 
^lant cells, they, nevertheless, show very Bimilar outlines in a 
jouiig condition. In every case where cells can develop unob- 
structed, they assume a spherical shape (Fig. 80), which is the 
fundamental form of all cells {Saccharomyces, spore cells, pollen, 
heads of glands, the cells of soft tissue, for instance, of the 
medulla). 

The subsequent distinctions in form are produced either 
through unequal surface growth, or growth in thickness or 
length of the cell, or through the pressure of contiguous cells. 




If the surface growth does not proceed uniformly, there are 
formed a great variety of elliptical, tabular or hemispherical, 
sinuate, star-shaped (Fig. 153) or plaited cells. 

If the growth in thickness is unequal, all the forms are devel- 
oped which have previously been mentioned when considering 
the growth in thickness of the membrane (page 149): the 
pitted, scalariform, annular and spirally thickened cells (vessels. 
Figs, 66 and 68), the stone-cells and bast-cells (sclereids,' 
Pigs. 70, 110, 115, 116, 117). If the growth in thickness ia 
confined to the corners, collenchyma is formed (Fig. 109 5). 

If the growth in length is unequal, that is, chiefly confined 
.to two opposite sides, there are produced elongated forms of 

' See page 156, foot note. 
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cells, bast and wood-cells (Fig. 136), sieve-tubes (Figs. 147 and 
148), furthermore sickle-shaped, and S- or U-shaped cells. 

Mutual pressure also causes manifold differences of form* 
Thus from roundish cells (Fig. 80), polyhedral (Fig. 81), and 
more or less rectilineal forms are produced. It is only in yery 
delicate and soft tissues (the fleshy part of fruits, medulla, leaf- 
cells), and in those places where the membrane reaches the 
outer air (outer wall of the epidermis and bordering membranes 
of the intercellular spaces), that the spherical outlines remain 
preserved; in firm and hard tissues (wood. Fig. 180, bast 
groups. Figs. Ill, 112, 113) all cells are seen to possess, on a. 
transverse section, more or less flattened forms with a rectilineal 
border. 

There are ordinarily distinguished, according to the scheme 
first proposed by Link:^ 

1. Parenchyma,^ thin-walled, mostly roundish-polyhedral 
and isodiametric cells: cells of the fundamental tissue, of the 
medulla, of the fieshy part of fruits, merenchyma* of the leaves, 
and when extended in a palisade-like manner, palisade-cells* 
(Figs. 80, 81, 85, 108, 127, 128, 129). 

2. Prosenchyma,^ consisting ot thick- walled, more or less 
elongated, spindle-shaped cells, with the ends wedged into each 
other: wood-cells, bast-cells (Figs. 139, 136, 110, 111). 

Striking and convenient as the discrimination between pros- 
enchyma and parenchyma appears, yet it does not admit of 
sharp application. 

Fungi and lichens are composed of thread-shaped cells,. 
hyphcB,^ which continue to grow at the ends and mostly divide 
and branch by transverse walls (Fig. 82). They are not only 

^ *'Gruncllehren der Anatomie und Physiologie der Pflanzen." G6t- 
tingen, 1807. 

* Uocpd beside, thereon, and eyxv/xa that which is poured in, the 
ceUs considered as standing upon each other. 

* An expression introduced by Meyen (** Phytonomie," Berlin, 1830). 
^ Palus, i, masc. a stake. 

^ IIp6$ towards, between, and syx^M^ (see above), the cells consid- 
ered as inserted between each other. 

* *T<p7} the tissue. 
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densely interwoTen, but also cling together with great teoacity, 
ncleBS they inclose hollow spaces. The tisane (pseudo-paren- 
chvma)' of eclerotiums, for instance of Secale cornutum, consists 
of remarkably short hypha, so that upon thin sections it has the 
appearance of parenchyma. It is only upon a longitudinal 
section, softened by a dilute solution of chromic acid (see Micro- 
chemical Reagents), that the threadlike nature of these hyphse is 
likewise clearly brought to view. Notwithstanding their slight 
length, they are very firmly connected with each other. 

Through subsequent resorption of the transTerse walls of a 
more or less elongated row of cells (cell-fusions), long tubes may 



t, HTphee ; b, longitudinal BecUoQ tbrou^ 

be produced which possess the most varied physiological func- 
tions, sometimes as vessels (in the woody structure), sometimes 
as sieve-tubes (in the phlo@m), and sometimes as lacticiferous 
ducts (in the fundamental tissue); all being thus designed for 
conducting purposes. 

If the cells lie densely upon each other, they are firmly cemented 
together by the intercellular substance ' (middle lamella) (Pig. 
64 a:); if, on the contrary, they are not in contact with each 

' WtvSoi illusion. 

* Inter, between, and celhila, cell. 
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other on all sides, there appear between them (especially at the- 
corners) intercellvlar spaces, which are mostly filled with air 
(Pigs. 127, 129, 151, 152, 155). 

III. Cellalar Tissae. 

With the exception of the one-celled plants and plant organs 
{Saccharomyces, trichomes, Lycopodium) and some fungi and 
algae represented only by simple cellular threads, all plants con- 
sist of cellular tissue,* that is, of cells (aggregations of cells) in 
every form of arrangement. All the cells of such tissue are^ 
never completely uniform, but the individual parts become dis- 
tinguished at an early period in a more or less pronounced de-^ 
gree. While the cell of the .algse performs conjointly all the 
functions which are required of the plant, in the higher plants^ 
a division of the work takes place in such a manner that some 
forms of tissue undertake one task and others another. 

Through this division of work there are then produced in the 
body of the plant anatomico^physiological systems of tissue. 
Such a system of tissue is, therefore, a union of cells, complete^ 
within itself, and connected by their entire physiological deport- 
ment. 

This differentiation of the body of the plant, however, is not 
noticeable until the later stages of development. At the places- 
of development, the growing points (apex of the stem, tip of thfr 
root), such a difference in the tissues is not yet perceptible. The 
tissue here consists rather of uniform, more or less isodiametric, 
thin- walled cells containing protoplasm, and in a state of most 
active division. Such a tissue is termed developlDg tissae, or 
meristem.^ As such it stands in opposition to all the remaining 
tissues, which are also collectively comprehended under the name 
of permanent tissue. The cambium (Fig. 138) is also such & 
developing tissue. 

^ The inner juicy tissue of maturing fruits (tamaHncU, juniper berries, 
orangeSf stone-fruits) is resolvable into individual cells, but these are al- 
ways held together by their surroundings. 

* MepiZo) I divide. 
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While, namely, the cells of the developing tissue have not yet 
assumed a definite, permanent form, but become altered by di- 
vision and mutual dislocation, the cells of the permanent tissue 
are conclusively defined with regard to their form, or are sub- 
sequently but little changed. By far the most drugs consist of 
permanent tissue. 

In the angiosperms there are to be distinguished at the grow- 
ing point three meristem zones: the dermatogen^ from which is 
formed the epidermis; the^m&fom,' from which is produced 
the bark; and the plerom,^ from which are formed the vascular 
bundles and the medulla. In angiospermous roots there is, in 
addition, the calyptrogen,* which represents the developing tis- 
sue of the root-cap. 

!¥• Systems of Tissue. 

If, in grouping the forms of tissue as systems of tissue, the 
latter are viewed not alone from a purely anatomico-topographi- 
cal standpoint, but if, at the same time the question arises, in 
which manner the various tissues are of equal value physio- 
logically, they may be divided in the following manner: 

1. The epidermal system. Function: the protection of the 
organs from without. 

2. The mechanical system. Function: to give stability to the 
plant. 

3. The assimilating system. Function: assimilation of the 
carbon. 

4. The conducting system. Function: conduction, especially 
the conduction of water and nutritive salts from the soil, and to 
conduct away the products of assimilation. 

5. The storing system. Function: the storage of reserve nu- 
tritive substances and of water. 

6. The derating system. Function: the aeration of the or- 
gans. 

^ Aipua skin, and yBvydoa I produce. 

* Ilepi around, pXr/pia covering, 

* nXrfp(Sfxa that which fills. 

* KaXvitrpa a cap. 
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7. The system of receptacles for secretions. Function: to re- 
ceive the products of secretion of the plant/ 



1. The Epidermal System. 

While such plants and parts of plants which consist of a single 
€ell, or of but a single layer, do not possess an epidermis/ a 
more or less distinct development of epidermal layers appears 
already in the thallophytes and cormophytes, which have the 
thickness of but a few layers of cells. The cells in these layers 
become for the most part smaller and more thick- walled toward 
the exterior, and often colored, even though the formation of a 
true epidermis is not yet effected {Secale cornutum, Pucus vesicu- 
losus, Cetraria, Usnea, Sphcerococcus, the small stems of 
mosses). 

It is only in the higher plants that, even in the youngest 
stages, a true epidermis is formed, and this is the first of any 
system of tissue which is sharply defined, morphologically, from 
all the others. 

It consists in most cases of a row of tabular or plate-like cells, 
laterally united without intervening spaces, which in the organs 
of dicotyledons are, as a rule, of quadratic form, in the elon- 
gated leaves and stems of monocotyledons, however, are mostly 
extended in the direction of the axis of the organ (distinct upon 
surface sections). On many roots the epidermis is also sharply 
defined from the other tissue by a different color and strongly 
sinuous outer walls. Such an epidermis, which we meet with, 
for example, on the rootlets of Helleborus niger and Veratrum 

1 Sachs classifies the tissues as follows: epidermal tissue, fascicular 
tissue, and fundamental tissue. In the above division we adhere to the 
classification of Haberlandt(**Physiologi8che Pflanzenanatomie," Leip- 
zig, 1884), which is based upon Schwendener's principles. Nevertheless 
the expression ' ' fundamental tissue " (filling tissue) may often be permit- 
ted in the following pages on account of its brevity, notwithstanding | 
the fact that the fundamental tissue comprises the most varied forms 
of tissue. 

' *Eiti upon, and ddpjua skin. 
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album, vas formerl; termed epiblema (IFigB. 84, 119, 120, 121> 
122). 

Occaeionally, however, the epidermis consieta of several layers, 
as, for example, in Mads (Fig. 85), and in many leaves (Fieus). 
This multiple epidermis, which is also termed hypoderma,^ con- 
sists, in the case of delicate organs, mostly of utxiform, thin- 




Fjo. 83. FlQ. 84. 

Fio. SB.— LoDgftudinsI section through the outermost layer of VaniUa; a, epldeimal 
cells, coDtoinlng crystab ol TauilUn: b, cella with spiral flbree. 

Fio. 84,— Epidermal cells of a root (epiblema) on a transTsrse eectlonj the dark cells 
represent tbe epiblema. 

walled or slightly thickened cells (leaves of the PiperacesB, 
Ohavica and Peperomia, of the Begoniacese, and of species of 

' ' Tn6 under, and Sep/na skin. We use the word oqIj for the true 
multiple epidermis, not for the layers (collenohyma, bast-flbres) which 
impart strength to the single-rowed epidermis. 

la 
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Mcus); the ontermoBl; row, however, ie alao here, for the moat 
part, somewhat differently formed. 
Id most fruits and seeds only the ontermost row of cells be- 



longs to the epidermis, and in this case, to speak of^a multiple 
epidermis, is incorrect. 



Fia. SB.—SladottbatnMotColocinitli(tatl 
paring); a, epidermis; b, parenchyma; c, Bclerenchymatous Ie 
the outer surface of Uie pored trult. 



In the epidermis consisting of a single layer, the cell-walls are 
nostly firnier than in the tissues lying beneath it, and more 



Btrongly thickened on the outer aide than on the inner ' (Pigs. 
83, 85, 63, 109, 129, 155). Occasionally the oater wall ie even 
of qnite remarkable thickness {Caryophylli, Macis, Fig. 160). 
An example where thia is not the case is presented by the epi- 



Fio. 87.— TraOBvetae Bection through .Semen ParadM larafua of Paradise); /, epider- 
mic; gh, testA of the 8eed. 

dermis oi Hyoscyamus seeds. Here the outer wall of the epidermal 
cells of the testa is formed exclusively of the delicate cuticle. 
The outer wall of the epidermis cells is always covered by the 



cnticle (seepage 161 and Figs. 155, 160, 63, 1S8, 161), nsually a 
delicate * film, insoluble in sulphuric acid, impenetrable by water 

' The delicate epidermal cells of the seeds of Cydonia and lAman, 
which produce mucilage, form an exception (Berg's " Atlafl," xlvi., 123, 
138). 

'Compare Techirch, "Ueber einige Beziehungen des anatomiacben 
Baues der Aasimilationsorgane zu Klima und Standort," 
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and aqueous yapor, and which for the previously described reasong 
is primarily adapted to fulfil the function of the epidermis 
namely^ protection against too strong evaporation. 

The cuticle, which is often directly visible upon transverse 
sections (Figs. 160, 161, 155), or is easily rendered visible by 
dilute chromic acid, sulphuric acid, iodine, or potassa, covers all 
the organs of the plant which are exposed to the air, and, in the 
case of favorable objects, can often be removed as a coherent 
film. 

If the outer wall is thin, as for instance in the leaves of the 
indigenous foliage trees and all the oflScinal leaves, then the 
cuticle is in direct connection with the cellulose layer (Fig. 155); 
if, however, the outer wall is very strongly thickened, the inter- 
vening layers of the outer membrane of the epidermal cells are 
for the most part cuticularized (cuticular layers. Fig. 161 
c s, 63), that is, they have become more similar to the cuticle 




Fio. 80.— Transverse section through Fig. 88 A, more highly magnified. 

itself by the deposition of cutin. These cuticular layers often 
project in a somewhat cone-like form towards the interior (Figs. 
161, 63). 

The outer wall is frequently somewhat arched in an outward 
direction (Fig. 155). These outward arches may become defi- 
nitely shaped processes, whereby the exterior surface acquires 
a pitted appearance. The same appearance may, however, also 
be produced by the prominent development of thick lateral walls 
(testa of the seed of Hyoscyamus, Fig. 88, and the leaves of 
Oentiana cruciatd). In the latter case, the outer wall is always 
very thin, and indented (Figs, 88 and 89). Occasionally the sur- 
face delineation is also produced by the projection of sharply 
circumscribed groups of epidermal cells. 

The outer wall (like the thick lateral walls. Figs. 88, 89) 
shows, as a rule, a distinct stratification. 
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While the outer walla of the epidermal cells, as a rule, are 
thick, the lateral walls are mostly thin. The Figs. 63, 109, 129 
and 155, therefore, reproduce the type of epidermal cells. 

Upon surface sections, the lateral walls appear in many cases 

sinuous, as, for instauce, in all leaves of the GramiueEe (Figs. 88 
B, 90, 15i, 157, 158), so that the individual epidermal cells 
which are provided with many protuberances fit into each other 
in a tooth-like manner (many corolla leaves, and the epidermis 
of Semen Stramonit, Fig. 90). 
As a rule, the contents of the epidermal cells are colorless, 



FiO. SO.— Tangential ucUon througb the ep[dermlB ol Stmen atramonii. 
Fia. 91.— Tranarerse section through Chlnesa gaUs; a, epidermis, the cells of which 
frequent]? grow out In the form ol slmpla hairs; 6, lactldteroua cells. 

without chlorophyll; occasionally, however, coloring matters 
appear in them, dissolved in the cell-sap. Colored epidermal 
cells produce, for example, the red color of many sterna (buck- 
wheat, Ricinus) and other organs (the apple). In the red 
potatoes, the coloring matter is contained in cells lying beneath 
the cork. 

It has already been mentioned (page 180) that the epidermal 
cells often project outward. If these protuberances become 
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larger^ hair formations ^ or trichomes ' are produced. These 
are found in the most simple^ unicellular form, in Stipites Dul- 
camarcB, on Herba Lobelim and the Chinese galls (Fig. 91), and 
upon cotton-seed (Figs. 92, 114); the root-hairs {Rod. Sarsapa- 
rillcB, Fig. 126) also belong here. 

The hairs are occasionally very long (flower buds of Althcea 
rosea).^ Long, sharp, silicified hairs are termed prickles (sting- 
ing hairs of the nettle. Fig. 93 a). Firmer, short, non-secreting 
trichomes are called bristles. Of the latter kind are, among 
others, the hairs of Nux vomica (Fig. 93 J), of anise (Fig. 94). 

The hair formations do not, however, always remain simply 
Jiair-shaped. Many of them assume other forms (that of a 
•star, shield, or head. Fig. 95), throw out branches and become 




Fio. 9S.— Hairs of ootton. 

multicellular.* Flatly expanded multicellular hairs (chaffy 
hairs), such as are of frequent occurrence in ferns (for instance, 
in Aspidium Filix mas) form the so-called Pengawar Djambi. 
If the terminal cell of a multicellular trichome becomes ex- 

^ Compare Weiss, "Die Pflanzenhaare," in Nos. iv. and v. of the ** Bo- 
tanische Untersuchungen/* of Karsten, 1867. Rauter, loc* cit,, 31. Mar- 
tinet, Annal. d. sciences natur., xiv. (1872), 91-232. Paschkis, '* Pharma- 
cognostische Beitr&ge." Zeitschr. d. allg. OBSterreich. Apothekervereins, 
1880, Nos. xxvii. and xxviii. Hanstein, Bot. Zeit., 1868, 725. De Bary, 
** Anatomie," p. 61, where the literature is given to the year 1877. 

* &pi^, rptXo$ hair. 

8 Sachs, *' Lehrbuch der Botanik '* (iv.), 101. 

^ The unicellular climbing hairs of the hop^ reposing upon a multicel- 
lular cushion, are not of this kind. 



panded in a head-like form, the formation of daughter cells 
frequently occtire, with the simaltaueous secretion (for mstanoe, 



FlQ. SSo. 

Fio. 98 6.— Hairs of the epidermla of Hkx vomica (Berg). 

in the Labiatse) of a balaam or volatile oil, which ia often 

accompanied by the formation of mucilage ' (Figs. 96, 129, 

' The morphology and the nature of the development of eecretiDg 
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164). Such hairs are termed glandular hairs or colletera.' To 
this class belong also the glands of Dictamnus* 

In the species of Oisius of the Mediterranean flora, these hair 
formations secreting resin' are so nnmeroas and so prodact- 
ive that, for example, the prodnet of Cistua ladamferus has 




Fie. 9i.—A. Traaaveme aecUou through fVucliu Aniii. e, eiddennb, cloUied -with 
halTs: cc, commtsBUTol Eurface; o, oil spaces: (> coating of the fruit; f (lower tj, aeed 
ooat; V, dbro-vascnisr buDdles (riba, coetn); a, albumeD of the seed, the parenchyma of 
wbfoli la Indicated br but a few cella. B, Haiis, more highly maguifled. 

been collected in the islands of Oandia and Cyprus from ancient 
times and employed for famigating parposes. This ladanum 

tricbomes has been described by Hanstein (Bot. Zeit., I86&, 747); com- 
pare also De Bary, " Anatomie." 

' KoKX-TjToi glued together. 

'Meyen, " SecretiouKirgane det Pflanaen," Berlin, 1887j Plate i.. 
Figs. 29 and 39. De Bary, " Anatomie," p. 78. 

• De Bary, loo. cit. , p. 99, Fig. 86. 
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resin ia probably the only example of such a drag originating 
from trichomes.' 

In kamala and lupulin, which, according to the natore of 
their development, should also be classed with the trichomes,' 
the formation of resin predominates; and in kamala oil is en- 
tirely wanting. 

Glands which secrete was are found on the leaves of Qlobu- 




Fla. ^.~Flora Verbatei. A. Bond-lite, BOtt, olab^haped hain ot Voe atreelshorter 
■tuneiB, covered wUb ezceedlnKly Bne, BptraUy-uranged, proJeoUug points. B. Stel- 
late haiis from the baae ot the folds ot Ute corolla. 

laria Alypum L. and other species," those secreting nectar in 
Melampyrum.* 

■ Compare Thiselton Djer, Pharm. Jour., xt. (1884), 801. 

*With regard to the developtnent of the lupulin glands, compare 
Holzner, " Entwickelung der Tricbome der Hopfendolden." 'Rajei. 
Bierbrauer, 1877, No. 19. Kauter, " Denkaohr. d. Wiener Akad.," 18T0, 
p. 81. Lnerasen, " Medizin.-PharmaceatiBche Botanlk," ii., p. 537. 
Harz, "SanienkuDde,"ii., 896. 

'Heckel et SohlagdenhauSen, Comptes rendus, S5 (1882), 91. 

'Bathay, " TTeber nectarabsoiidemde Triohome einigerlMelampyrum- 
AtMh." Wiener Akademie. 1880. 
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The form and Bize of the haira, as also the relative thickaess 
of the wall compared with the lumen or cavity, afford in some 
oases good points of discrimination for the recognittoti of adul- 
terations in foods and alimentary substances. Thns Wittmack ' 
distinguishes wheat and rye flonr by the fragmentary hairs of 
the so-called coma, which always occur therein in small amonnt; 
and upon the form of the hairs Bell ' bases the distinction of 
tea, elder, willow and black-thorn leaves {Prunus sputosa Lin.). 

The physiological function of the hairs of organs of assimila- 
tion (leaves), which when old mostly contain air, is to diminish 
the extent of transpiration. The haira of seeds, which are often 




Fio. W.— OH gtaodB of tbe LablaUe, e. g., of RotmarinwM. A, LoDgitudlnal aectlon of 
a, large glaod, a. stem-cell; b, elj^t dellcate-wolled daugbter cells which produce tha 
Tolatile oil, by the escape of which Ihe cuticle of the parent cell, d, beeomea expanded; 
/, epidermis of Uke leaf upon which the gland la formed; g, pallude-ceUs; e, a amaU 
gland. B, TnuiBTerae section of Fig. ^. Compare also De Baiy, " Anatomle," Fig. 8S. 

feather-like, are means of distribution; the Arm hairs of climb- 
ing plants are organs which serve to fasten them. 

Some prickles, for example in Rubus, are, like the hairs, 
also of epidermal origin, and are thus trichomes. In the forma- 
tion of most of the true prickles or outgrowths, however, the 
tissues beneath the epidermis, and even the vascular bundles, 
also participate {Rosa, Smilax'). 

' " Anteitung zur Erkenaung organiacher und anorganischer Belmen- 
guDgen im Bt^gen- und Weizenmehl." Leipzig, 1884. 
■Bell, " Die Analyse der Nahmngsmittel," i. (Berlin, 1863), 86. 
'De Bary, " Anatomic," p. 61, where the literature ia given. 
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Finally, the so-called inner hairs may also be mentioned, 
irliicli occasionally penetrate into the air-cavities (Btar-shaped 
hairs of the Nymphm, glandular hairs of Aspidium Filix mas, 
Fig. 163). 

The epidermis no longer suffices for older plant organs of 
eeveral years' growth, since it is a mach too delicate tissue (for 
instance, for the stems and branches), and, as permanent tissue, 
is not capable of keeping pace with the growth in thickness. 
In these organs, therefore, there is formed beneath the epi- 
dermis, and mostly independent thereof, another tissne, the 
periderm.' The latter consists of a permanent tissue, the 
cork, and a formative tissue, the pbeUogen,' or cork-cam- 
bium. 

The phellogen, by a tangential division of its cells, forms the 



Fio. 07.— Cells Irvm the pbellodenn of Cbe bark of OaneOa aiba (J. Uoeller). 

cork-cells; but it is also capable of contributing to the increase 
of the bark parenchyma by the formation of parenchymatous 
elements. Sanio ' terms the aggregate of cells which are thus 
produced, and occasionally thickened on one side (Figs. 97, 149) 
phelloderm ' or cork layer of the bark. 

'i7E/i^ around, and Sepjua skin. 

' itXXoi cork, and yevvdoa I produce. 

'"Bau und Bntwickelung des Korkea," Pringsheim's Jahrb,, ii., 
(1860), 47. H. y. Mohl, " Entwickelung dea Korkes und der Borke der 
baumartigen Dicotylen" (1836). "Verm. Schrift.," TQbingen, 1845, 
335. F. von Hohnel, "TJeber Kork und verkorkte Gewebe Iberhaupt." 
Sitzungsberichte der Wiener Akademie, 76(1877). Hanstein, " Bau und 
EntwickeluDgderBaumrinde." Berlin, 1853. Hofmeieter, " Haudbuch 
der piiya, Botanik," i., 353. De Bary, " Anatomie." 

* #«AAos coik, and Sipixa skin. 
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The location of the phellogen is not ezclnsiTely confined to 
the r^on directly nnder or within the epidermis, but may also 
develop itself in the form of bands and etripes in the funda- 
mental tieane of many barka, or even in the phloem layer. Out- 
side of such layers of infernal cork (Fig. 98), the most various 
tisenee of the hark may therefore be represented, according to 
the depth at which they lie (phloem elements. Fig. 100, bast- 
cells. Fig. 98, stone-colls. Fig, 101, and, indeed, even resin- 



canals and oil-spaces, Figs. 99, 100); they become pushed out 
of the course of circulation of the sap by these lamella of inter- 
nal cork, and are either thrown oft as scales (in a very handsome 
manner in the Platanus and Eucalyptus), or they still remain 
for a long time united with the stem, and appear severed and 
torn only in consequence of the growth in thickness {bork, 
rhytidoma '). 

' 'pLiri^, fivTiSos fold, wrinkle, and Sooudca I build. 



The bork of our foliage trees, for example of the oak, eon- 
taiuB, in addition to cork-cells, all the elemeats of the outer 
bark (parenchyma, Btone-cells). 



Mf decayed surface; w. cork-banda ; 
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Whether barks experience the formation o( bork, or are pro- 
Tided with a simple covering of cork, appears to depend upon 



«rk-ce11s; bb, stoue-cetb; B, a 




FiQ. 108.— Cortical tayer of Badix Catuotba; i, cork; m, lundftmontal Hmue, with'dis* 
persed stone-cells which inclose ciTBtala of oiaJate; R, T, Uore highly magntfled 
cryHtalflj H, twin crysta]. 

the peouliarities of the species. In the Cinchonas, for exam- 
ple, bork is sometimes met with, and sometimes not. Boots are 
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alBO capable of forming bork, which may be very plainly obBorved, 
for inetance, in Radix Sassafras. 

If the periderm layers which are formed in the interior of the 
bark occupy only a part of the circumference, scale-bork is pro- 
dnced {Bobinia, Platanus, Cinchona, Pinus ailvestrii', Quer- 
cus); if, however, the secondary periderm layers form parallel. 




Fio. 106.— lYangrerae section of BMxoma Carcumie; t, cork. 



closed rings, which embrace the entire circumference, hollow- 
cylindrical sections of bark are converted into bork, aaAjinged- 
bork is produced ( Vitis, Clematis). 



Since the cork-cells are produced by a tangential division of 
mostly tangentially extended cells, they are flatly tabular and 
parallelopipedal. They are in unbroken connection with each 
other and contain air, never solid matter. As the divisions in 
the phellogen take place very regularly, the transverse walls of 
the cork-cells frequently traverse the entire cork tissue in one 
and the same line (Figs. 102, 103, 108). 
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The ordinary cork, of Qnercus Suher, corresponds in its form 
to the above type.' Deriatioua from this fundamental form 



K IhkkeiMil cork-cells; a', phettogen layer; b, p Hnm y 

depend upon a more nndulating — thongh on a transverse sec- 
tion, generally radial — course of the transverse walls, or upon a 



«, thickened cork-cella; b, oU-spaces; z, xylem 

thickening of one or all sides (as seen in Figs. 102, 103, 108) 
of the ordinarily thin walls (Figs. 97, 104, 105). 

' Yet in cork (bottle-cork), numerous stoue-cellH occur (Fig, 101). 



The outertnoat layer is often in procesa of decay, as for in- 
stance in the po/o^o (Fig. 108). Wbile this perishes, new cork 



FiQ. .107.— TrtuiaTerde section through the bark (i 
(..cork; »', cark-caiDblum or pbellogen; m, layer i 



is continually formed from the interior (Cortex Qvassiis jamai- 
eensis. Fig. 107). 
13 
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Even on leaves a local formation of cork occasionally occurs * 
{Eucalyptus, Pig. 128, k). 

The physiological function of cork is to protect the tissues 
lying beneath it from too great evaporation and from mechani- 
cal injury. The former function is presented in a very striking 
manner by the potato, in which the cork layers, from five to ten 
in number, cause the succulence of the entire inner tissae to bo 
retained for a long time undiminished. 

On wounds, the so-called wound cork is frequently formed 
(Fig. 109, a). This produces, in the same manner as the 
thyllm ' and the gum which incloses the vessels, a separation of 
the inner, uninjured tissues from the wounds.* 

2. The Mechanical System, 

Leaving out of consideration the lower plants, we find that 
all the higher plants which concern us- are provided with 
peculiarly formed and characteristically arranged cells, the ex- 
clusive function of which, as Schwendener* has shown, is to 
impart to the plant the necessary solidity. While in young and 
still growing organs the coUenchyina " (Fig. 109 d, 129 coll) 
represents the mechanical system, in older and matured organs, 
this function is assumed by the bast-cells^ or sterei'ds ^ (Figs. 
110, 111). 

The bast-cells, or the specifically mechanical elements of the 
matured plant, form very elongated cells, which are pointed at 

1 Bachmann, *' KorkwucheruDgen auf den Bl&ttem," Pringsheim^s- 
Jahrb., xii., 1880. 

« Sachs, '^Lehrbuch der Botanik," iv. (1874), pp. 27, 782. Weiss, 
** Anatomic," 21. 

* With regard to the lenticels, see the chapter on the Aerating System. 
^ '< Das mechanische Prinzip im anatomischen Baue der Monocotylen."* 

Leipzig, 1874. 

' Ambronn, <* Ueber die Entwickelungsgeschichte und die mechanic 
Bchen Eigenschaften des CoUenthyms." Pringsheim's Jahrb., zii. E. 
Qiltay, ''Het Ck>llenchym," Inaugural dissertation, Leyden, 1882. 

* The tissue of bast-oells may be termed stereom. (The pleurenchyma 
of Meyen.) 
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both ends, provided with oblique pores (Fig. 110), often thick- 



Fio. lOB ct.—TnnsTerse lectioD through a fruit of the Vanilla, which. betor« aepara- 
tlon from the plant, bad become Injured at the polat b-b by the puuctora of su insect, 
and the wound cloBed b^ wound-cork, o-a; g, Toaoular bundles (l^chirch). Compare 
.Pharm, Zeit., 1884, Ho. 2!. 
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ened to the extent of the dieappearance of the lumen or cavity, 
and contain air. They posaess a supporting capacity which is 
almost equal to that of wrought-iron, and a tenfold greater 
ductility than the latter, and are therefore in themselves ad- 
mirably adapted for the mechanical purposes of tlie plant. 




na. 110. 

Fio. 110.— TirP''^ bundle ot bast-ceUa, at a It 
section; c. section of a bast-cell, abowlDg the Btriping of tlie membrane and oblique 
pits (Tscblrch). 

Fia. 111.— BBst«el)B of Corchtntu oliioHvt UmU). with a lumen or central cavity of 
varTlug width, at the top in transverse, ajid below In longitudinal eection (T^hlrch). 

Moreover, they are always united to form structures which are 
in nowise inferior to the best constructions of our engineers.' 
' With regard to the flrmness of bast-cellB, compare Scbwendener'a 
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III the monocotyledons the bundles of bast-cellB Burronnd the 
vascnlar bundles, either in a sickle-like manner (as in the stem 
of the maize. Fig. 133), or lie embedded in the remaining 
tissue, sometimes in the inner portion and sometimes in the 
outer, as isolated bands, rings or bundles, according to their 
function, or they surround the outer side as a connected coat' 



Fia 112.— TransvUBe aecUon through an involute leal of the Alfa ffrait or Esparto 
(Macrochloa tencKiuima). o, bast-cell oootlnBoftheouterdinder) side; d, aadmllatii^ 
tissue; e, priama of the upper side; 6, hairs (Tschlreh). Compare Pharm. Zeit., IBS!, 
No. 88. 

principal work; furthermore, Th. v. Weiozierl, ''Beitrige zor Lehre 
Ton der Festigkeit und ElaatioiUtt vegetabilischer Gewebe." Sitzungg- 
bericbte der k, Akademie der Wiasnnach., '.Vienna, 1877, Vol. 70. F. 
Lucae, "3eitT&ge zur Kenntnies der abaoluten Festigkeit von Pflanzen- 
geweben." Sitzungsbericlite der Wiener Akademie, 1888, Vol, 85, and 
1883, Vol. 87. 

■ In gome of these cases {especially in the prairie grasses], thej serve 
in the mechanism which causee the involution of leaves {Tschirch, 
Pringsh. Jahrb., zii.). In the dehiscence of fruits, and the phenomena 
of torsion of manj awns, mechanical cells are also concerned [Stein- 
brinck, Inaugural dissertation, 1878, and " Berichte der Deutsch. Bot, 



PLANT ANATOMY. 



(Al/a grass. Fig. 118). In the dicotyledons they are located in 
the bark (Pig. 113). 



118.— TransTerse geotlon through ■ stem ot Ltnum urt(oK»(m«im ; ep. epider- 
r.greenbork; b, baHt-cellB(eniployedaaaAx); j^ phlo3]n(aleve portion); c,caixi' 
c, lylrau (TOBculArpiHilon); r, bark; A, wood (TuchirCh). 



Fib. 114.— niiubvtiong ot the more Important flbree which are used technjcall}'. L, 

fiaxfbra; H, hemp fibres; 3,J'u,te; B, ootton; B, tOk; A, alpaca wool; E, Ettetoral 
wool,' W, tAeqi'i tmol. 

Ges.," i. (1688), p. 37, and others, Zimmermana, Pringsheim's J&hr- 
bflcher, xU. (1681), No. 4.] 
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The great ineohanical semce whiclt the baet-cells are capable 
of was also recognized at an early period. The applicatioD of 
the bsBt-fibrea ot hemp and of Jlax (Fig. 113) for fabricB is a 
very ancient one. 

The textile fibres which are practically employed may be 
^reaped in the following manner (compare Fig. 114): 

1. Animal fibres: (a) hairs, Wool (W); (5) threads. Silk (8). 

2. Vegetable fibres: 

{a) hairs, Cotton (B). 

(S) bast-cells. Flax (L); Semp (H); Jute (J); Esparto; 
Manilla-hemp.' 
In addition to the baat-fibres, the libriforiu cells of the 
wood also assume, especially in the older stems of dicotyledons. 



s. mechanical function. The bast-cells which occur in the bark 
of dicotyledons {hemp, jlax, Fig. 113, the linden) are only of 
fierrioe in imparting strength of fiexiire to the stem as long as 
the wood itself has not yet acquired sufficient strength. 

In accordance with the various mechanical demands made of 
the plant, the structures in which the mechanical elements are 

■ Compare eapeuiallj Wiesner, "Die Rohstoffe des Pflanzenreiches." 
Leipzig, 1873. Reiasek, " Die Fasergevrebe dea Leines, Hanfes, dec 
Nessel and B&umwolle." Denkschr. d, Wiener Akad., I&52. Berthold, 
*' Ueber die mikroekopischen Merkmale der wichtigstea PflanzeiifaBern." 
2eit8chr. t. WaareDkunde, 1883, No. 3; 4. Dorkoupil, " Materialien zu 
einem Lehrbucb der cbemlBctien Teclmologie fOr Qewerbeschulen." 
Jahreaber. d. Oewerbeechuie Bistritz, 1382. 



200 PLANT AMATOMY. 

united are also very maoifold. We may thns distinguish struc- 
tures intended to protect the organs of the plant from the in- 
fluence of bending, preBSure, traction, or laceration at the 
edges or margins (for instance, of leaves). 

The gtODe'CellB (sclereids/ compare also pages 156 and 171), 
as one of us (T.) has shown, also possess various mechanical 
functions. In seeds which do not posseiis a thick-walled en- 
dosperm, there is found, for example, a hard endocarp, consist- 
ing of stone-cells (Figs. 115, 87). This often consists of very 



a darker color. At tbe light of the-flgure are Bolerelds, Isolated by n 
(TBcliirch). 

variously adjusted rows of cells, and can therefore also endure 
strong pressure and great expansion or straining {as by germina- 
tion) without becoming ruptured. The function of the 
Bclereids, which are so characteristic of tea-leaves (Pig- 116 '), is 

' The tissue of Btone-celle, in accordanc«s with Mettenius, may be 
termed aclerenchyma (see pages 156 and 173), Compare Tschirch, 
" Beitr&ge zur KennCnias dee mechan, Oe we besy stems." Pringsheim's 
Jahrb., 1885. 

' In young tea-leavea, however, these astroEclerelde are wanting. 
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doubtful. Occasioually the stone-cells oontaiu crystals (Fig. 
103) or other gubstancea. 



Pia. lir.— Short bdstxellfl from Cinchma barkt. 



Fio. 118.— TnuwrerBe BBCtion thiw^h Hie atere portion of Cortex Goto. tt. statt- 
stuqMd bast-cella; m, paiKally uilerotized niedullai7 raja; t, bundles of coUapaedJaieTe- 
tubea (Uoeller). 
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The function of the isolated baat-cells and stone-cellB, for 
example in the Cinchona barks (Pigs. 117, 143), in the Pome- 
^riiTMi/e-roo^ (Berg's "Atlae," piste XL.), Aconite root (¥ig.\%\), 
Simaruba, Goto barh (Fig. 118), Cort. Guaiaci (Fig. 105), 
Siipitea Dulcamara (Fig. 144), and Oak-barl is alBO Btill in 
donbt. Such cells, however, by the form of their transverse sec- 
tions and their arrangement, present very useful points of dis- 
crimination in the charaoteristicB of many drugs {Cinchona '). 



Fio. 119.~Tnuuiverse section ol a rootlet of RhizoToa Veratri. cc, eplblema (p. ITT); 
m, fundamental tissue, oolrparU; repreeent«d Id the drawing; 9, needl»«hapeda7atalfi; 
fcfc, nucleu»«heal)i. 

The nnelens shealh, rascnlar-bundle sheath or protective 
sbeath (endodermis '), which occurs in the root formations of 

' Compare also in this connection, Kooh, ■' BeitrSg^ zur Anatomie 
der Gattung Cinchona," Svo, pp. 85, 2 platee. Freiburg dissertation, 
1884, especially p^e 20. 

* EySov within, and Sipiia skin. Compare Schendener, " Die Sohutz- 
scheiden und ihre YerstArkuDgen," Abhandl. der Berliner Akademie, 



NUOIEUS-SHBATH. SOS 

Taacalar cryptogame, of monocotjledoQe and some dicotyledons,' 



no. ^Sl>.~TnBmn6 eecHoDB tbroagbioiMetBot Actaa tpieata. a,eplbleii»:b,fuikl- 
aniental UsBue; c, phloem; e. Inner bajk; k. uucleus-alieatli; i, cambliuu; r, medulhur 
rayn; c, Xflem. 

■ Comptire G. van WisBelingb, " De Kerascheede bij de wortels der 
Phanerogamen," Amsterdam, J. MQUer, 1884. (From; "Yerslagen 
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FiQ. 121,— Rootlela of Aconitum NapeUut; B. TrsoSTerse section; C, Long;lCuilinal 
section Id a radial direction; e. epibleioa; m, fundamental tiBsue ; h, stone-c^la; fe, endo- 
dermlB; p, vaacul&r bundles; z, xylem; b, phlo«m. 

en Mededeelingen der k. Academie van Wetenschappen," Afdecling 
Natuurkunde, 8de Reeka, Deel i., pages 141 to ITS, with 1 plate). 



SUCLEDS-SHBATH. 



and likewise possesses mechanical functions, is also to be con- 
sidered here. In these organa, namely, or at least in those cases 
which more nearly concern us, ali the bundles, or a predomi- 
nating number of them, are inclosed by a single row of cells 
(SarsapaTilla), or, by a layer, the endodermis, which is seen to 



a, eptblema; b, ruodameatal tissue; c, 

be narrow on a transverse section and consists of bat a few cells 
{Oalanga). All the vascular bundlesare located within the en- 
dodermis, for instance, in Radix Sarsaparillm, Rktzoma Caricis, 
in the rootlets of Actma spicata (Fig. 120), Aconitum (Fig. 131), 
HeUeborus (Fig. 122), Serpentana, Valeriana, and Verairum 
(Fig. 119). On the other hand, in Ehizoma Calami, Rkiz. 
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Graminis, Rhiz. Iridts, Rhiz. Curcuma, Qalangm, ZedoaritB 
and Zingiberis the fundamental tisane oatside of the sheath also 
contains iBolated bundles. 

The endodermis, for example in Sarsaparilla, is composed 
of prismatic cells, greatly elongated in the direction of the azia 



Via. ISS.— Radial 1o: 



(Fig. 123), forming a tube or sheath, located centrally in the 
fundamental tissue, aod oootaining within it the bundles. In 
some Tarieties of Sarmparilla, as also in Bhizoma Qraminia, the 
bundles are crowded against the sheath in the fotm of a compact 
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circle, in other caaes they are dispersed, aa is the case in Rhizoma 
Veralri and Rhizoma Caricis. or to a still greater extent in Tuber 
Aconiti, or bat a single central bnndle is present, as in the root- 
lets of Veratrum. 
The cells of the sheath are not always elongated, but often 



i 

Pio. 1st— TnuiBveiBe BecUon tbrough the eDdodermiB of Vera-Cna SariapaHtkt. 

nearly cnbical or only slightly extended. They are also often 
thin-valled, contain starch, and are then called starch-layer or 
starch-sheath. 



The walls of the endodermia which are directed toward the 
axis are usually thickened; in the lateral walls this is also 
sometimes the case, so that the lumen or cavity, for instance in 
the Vera Cruz 8arsaparilla (Fig. 134), becomes very mnchcon- 
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tracted. The transverse sections of these cells of the nucleus- 
sheath therefore appear differently^ according to the thickness of 
the thickened layers, and thereby afford serviceable characteris- 
tics for the recognition of the several varieties of a drug.* 

While the nucleus-sheaths in most of the examples that have 
been cited are built up of a single row of uniform cells, the 
root-stocks of the ZingiberacesB deviate considerably in this 
respect. Indeed, the endodermis of the rhizomes of Curcuma, 
Galanga, Zedoaria, and Zingiber is composed of several rows of 
cells ' (Fig. 125). 

3." The Absorbing System. 

The absorption of inorganic salts from the soil is effected by 
the aid of the roots and especially by means of the root-hairs. 
The latter, which are true trichomes, by forming manifold pro- 
tuberances, become most intimately attached by their growth 
to the particles of the soil. 

Root-hairs are found on but few officinal roots (for instance, 
Sarsaparilla, Fig. 126). In most cases they are broken off in 
the process of unearthing them, or they may have been already 
absent at the time of collection, since the formation of joot- 
hairs only takes place in definite and young parts of the root. 

For the absorption of organic nourishment, the phanerogamous 
parasites penetrate the host-plant by means of the so-called 
haustoria (as in the case of Cuscuta). To these haustoria cor- 
respond the surfaces of the cells lying close to the endosperm, 
which consist mostly of palisade-shaped cells with protuberances 
resembling root-hairs, and which are especially met with on the 
scutellum of the Gramineae. They serve for imbibing the re- 
serve substances. 

In order to convey nourishment to the embryo during germina- 

1 Compare Schleiden, *' Beitra^e zur Kenntniss der Sarsaparilla." 
Archiv der Pharm., 1847. Arthur Meyer, Ibid.y 218 (1881), p. 280 et seq. 
Berg's ** Atlas,'* Plate iv. Fiackiger. " Pharmakognosie," p. 295. 

• Ck>mpare Arthur Meyer, Archiv der Pharm., 218 (1881), p. 419. 
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tion, a longitndinal cleft is also occasionally found in |the en- 
dosperm (Stri/chnos Nux vomica, Coffea '). 



FiQ. 126,— Lon^tudlnal secUou throngh Radix SariaparilUB; e, epiblema; p. hairs; 
ec", cells of the bark, which are thickened on one »ide; d. parenchyma; o. cftlcinm 

4, The Assimilating System. 

The assimilating tissue serves primarily for the formation of 
organic substance from carbonic acid and water under the in- 
fluence of light, to which procedure the name of BSSinillation 
has been given. This tissue is filled with chlorophyll granules 
(compare page 100), and its cells possess forms which tend, as 
far as possible, to the transmission of light on all sides, and the 
rapid removal of the products of assimilation.' 

' Jfiger, " EndoBperm der Coffea." Bot. Zeit., 1881, p. 33C. 

' Compare in this connection Haberlandt, in Pringaheim'e Jalirb., 
xiii. (1881). 

14 
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The surface of the leaf which is chiefly exposed to the light 

becomes the aBsimilating side. With hi/acial ' leaves, that is, such 
aa aro flatly expanded, and the upper and under surface of which 
is differently developed (as in the heart-shaped Fol, Eucalypti, 
Figs. 3 5, 137, 129, Lactuca Sativa), this is the upper surface; 
with centric leaves, that is, such as are placed vertically, and hoth 
sides of which are equally constructed {Fol. Evcdlypti, sabre- 
shaped, Figa. 3 n, 128, Lactuca Scariola), it is both sides. 

The cells of the assimilating side, which is always of a darker 
green color, are replete with numerous chlorophyll grannies, 
located along the walls, and are extended in a palisade-like man- 



ner more or less perpendicular to the vertical axis of the leaf 
(Figa. 96 J?, la?, 128, 12Q pal, palisade ' parenchyma). 

The special development of palisade parenchyma remains un- 
affected only in typical shade-plants,' On the other hand, in 
all centrically constructed leaves, both aides are provided with 

' Bia, twofold, and/ociw, eide. 

* From the French word palissade, and this from the Latin masculine 
paluB (not pallna I), therefore not pallisade, as it ia often incorreotlf 
written. (Tbia applies more especiall; to the German orthography. 
F. B. P.) 

* Olobvlaria Alypum L. and other species present a notable example 
of aA homogeneous leaf tissue without a palisade layer. 



THE ASSIHILATINQ SYSTEM. 311 

palisade cells (Fig. 138). The assimilating surface is often in- 
creased by a falling oS of the membraiie (as in the needle-shaped 
leaves of the Coniferffi). In order to be able to take up the 
products which are formed and to conduct them rapidly, the 
palisade cells are now and then located upon funnel-shaped col- 
lecting cells, which are in connecfciou with the proper cellu- 
lar threads (vascular bundles); the latter running into the 
nerves of the leaves as a much branched radiating system, with 
extremely fine terminations (Fig. 130). 



FiH. 128.— TransTOise' section through a sabre-shaped (centric) Igsf of Eucalyptui 
0lo!tu[iu; oe, oU-BpBces, with dropsaf oil; a^, vaBoular bundle; «, Btomata; jt. corfcy 
growtba; c, cuticle (TBchlrch). Compare also Fig, 3 a and 6. 

The under side of the leaf, which is always of a lighter green 
color, contains much less chlorophyll than the upper side, and 
is traversed by wide air-canals (spongy parenchyma, leaf- 
merenchyma. Fig. 129 sch). 

The entire interior of the leaf, with the exception of the 
vascular bundles, which is inclosed by the two epidermal sideB, 
is termed the mesophyll.' 

■ Medoi in the middle, <pvi.i.oy leaf. 
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■ Meyer,' as also Lemaire {see page 51), have utilized 
I. der naturforBchenden Gee., Halle, xv. (1883). 
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the anatomy of leaves, especially the epidermis and the tri- 
chomes, for the purposes of diagnosis. 

5. The Conducting System, 

When a leaf of the pla^itain (Plantago) is torn off or a maize 
stem is broken, there project from the fractured surface numerous 
fine threads. If the fibrous, fractured place is evenly cut. with a 
sharp knife, it may be seen, even with the unaided eye, that 
there is a large number of compact, isolated dots imbedded in 
a more delicate tissue. If the 7naize stem is exposed to decay, 
only a bundle of very long, fibrous threads finally remains, sur- 
roundered by a delicate membrane, the cuticle. These threads, 
as is shown by an anatomical comparison, correspond to the 
dots upon the transverse section. The threads are termed 
fibrO'VascuJar * bundles, vascular bundles, or conducting bundles. 
As is already evident from their considerable length, they 
serve primarly for the conduction of substances, chiefly in the 
longitudinal direction of the organ. 

The same extended threads we meet with in the maize leaf. 
If the latter (or any elongated leaf of a monocotyledonous 
plant which may be chosen) is held toward the light, a large 
number of nearly parallel, lighter colored threads (nerves) may 
be seen in the green tissue. 

The nerves do not appear so regular in a dicotyledonous leaf. 
Here they are variously branched, anastomose with each other, 
and form a delicate network of fine lines. This is rendered 
prominent, in an especially handsome manner, when leaves like 
those of Digitalis (Fig. 130), Datura or Matico are rendered 
transparent by long maceration in alcohol (of about the specific 
gravity 0.900), or when freed by decay from the parenchymatous 
fundamental tissue' (Ettingshausen's leaf-skeleton). 

That which applies to the leaf and stem is also applicable to 
the roots. Upon a transverse section of Rhizoma Filicis, for 
example, may be observed a double circle of such threads 

' Fibra, fibre, fibre-shaped cell, and vas, vessel. 

' Fundamental tissue in the sense explained on page 176. 
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or bnndlea (Fig. 131,/), which likewise represent the frame- 
work of the root-Btock when the remaining tissues have been 




Fro. 180. 



FiQ. ISS. 



Tio,, 180,— Leaf of Digitalii purpurea (Planohonl. 

FIG. 181,— TmnsTerBe section through the underground item of Atpidiutn Pilix mat; 
/, threodfl or vaBcul&r bundles (Berg). 

FiQ. lS3.—Rhiioma FiliciB marie (Sachs). A. Front end of the rhliome, BhonuiK in the 
bright, rhombic spaces the places where tike liu'eads enter the leaf -basee (which are.here 
cutoff). B, A decompoBed piece of the rhizome, g threads DrTascular bundles. C. A 
more blgtalr maguifled portion of a bundle. 
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removed. If such a root-stock be placed in a liquid prepared 
from decomposed meat, after a short time the parenchyma will 
be destroyed, and, after washing away the remnants of the 
same, the far more resistant threads alone remain behind. These 
do not run parallel in this case, but are variously intertwined 
(Fig. 133). 

In the root-stocks of the Zingiberaceas and in Rhizoma 
Caricis there are numerous isolated bundles distributed 
through the fundamental tissue; in SarsapariUa and in Rhizoma 
Oraminis they are brought together in the form of a ring 
(vascular-bundle ring). Differently constructed from these (see 
below), but similar in their entirety, are the vascular bundles 
in dicotyledonous roots, as likewise in the dicotyledonous stem, 
which unite to form a continuous '^ring.^^ Dicotyledonous 
roots often possess only a central, axial bundle {^Ipecacuanha^ 
Taraxacum, Levisticum, rootlets of Arnica, Valerian, and 
Hellehorus ; compare also the Figures 119, 120, 122). 

But we meet these bundles also elsewhere on every hand. The 
fruit-pulp of tamarinds is traversed by such coarse, string-like, 
vascular bundles, and the shell of the almond is covered with 
them. They occur in the arillus of the Myristica (Macis), as well 
as in the mericarps of the Umhelliferce, in the calyx of the clove, 
as well as in the stigma of the Crocus — everywhere forming 
long threads, which serve for conveying and for conducting 
away organic and inorganic building material. 

The elements of the vascular bundles are so constructed that the 
impediments to movement are restricted to a minimum. The 
transverse walls are greatly reduced, often lacking altogether at 
wide intervals, or, when present, provided with pores * (vessels), 
or even pierced with holes (sieve-tubes), thus having the dif- 
fusing surfaces greatly enlarged. 

Of what elements is such a yascalar handle or condacting 

^The term pores, or pits, is applied to all those thin places of the 
membrane which are stiU closed only by the middle lamella. By age 
the pits occasionally become actual perforations (as in the wood of the 
Coniferoe) ; compare page 153. 
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handle ' composed ? In the first place, it is necessary to exclude 
therefrom any bast-cella (Fig, 133), which are, however, not at 
all regularly united therewith even in the monocotyledons.' So 
long as it was not yet known that the bast-borders of the vas- 
cular handles perform exclusively mechanical functions, they 
could be considered, and quite properly so, from purely anatomi- 



FlQ. las. Fio. ISl. 

FtQ. 18S.— Tnuiavenie eectioa through & coUateral bundle oftbe nmisestem (mimocot;- 
ledouous type), a, outer; i. Inner; p, fuDdameatal tissue; r, annular veaael: >, spiral 
vessel; gr, pitted wsael; '. hitercellular epaoe (contafnlngah'); j^, wood-ceUs; v^ phloeni. 
The entire bundle Is surrounded by a Bbeatb ol bsstr«<lls (Sacbs). 

Fit>. 1S4.— Spirals capable of uncoiling and annular yesael trom BtUbtu SciUiB (longi- 
tudinal section). 

cal reasons, as belonging to the latter. Since it is known, however, 
that all bast-cells only serve to impart firmness to the plant, 

' With regard to the structure of the vascular bundles, which can 
only be briefly mentiODBd here, compare De Bary, " Anatomie," p. 828 

' The bast border of the cribrose oc sieve poirtion baa been termed bast, 
that of the vascular portion, libriform. Compare the table on page 217. 
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and hare nothing to do with the conduction of substances, they 
must also be separated from the conducting threads or bundles. 

A typical vascular bundle (Fig. 133) consists accordingly only 
of the vascular portion (Fig. 133, xr s g^ xylem * in part) and 
the cribrose or sieve portion (Fig. 133, v, phloem'' in part). If 
the terms, xylem and phloem, are so comprehended that the 
bast and libriform cells are not regarded as necessary constitu- 
ents of it, the ^' term sieveportion '^ is synonymous with that 
of phloem, and ^^ vascular portion " with that of xylem.' 

The vascular portion consists of vessels, tracheids, and 
wood-parenchyma. 

The vessels {trachem) are very long tubes, which often traverse 
uninterruptedly the entire plant organ, and the walls of which, 
in consequence of unequal growth in thickness, are variously 
thickened (annular vessels. Fig. 134, 133 r, spiral vessels. Fig. 
134, 133 Sy trabecular and scalariform vessels. Fig. 135 /v, 133 
g, 142, pitted vessels). They are formed by the disappearance 
of the transverse walls in a row of cells (fusion of cells). In 
coniferous wood, the vessels, as a rule, are wanting {Lignum 
Juniperi). 

* AvXor wood. 

* ^Xotor bark of a tree. 

* For the sake of clearness these terms may be arranged in a table : 



^o 
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Sieve portion 
(Leptom) 



Vascular portion 
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division 
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The tracheids (wood-celle) are prosenchymatouH and likewise 

eloDgated cells, bnt these are far from attaining tlie length of the 
Tessels. Their walls are mostly pitted. In coniferons wood, 
which, as a rule, consists only of tracheids, areolated or bordered 
pits occur (Figs. 64, 73, 136). 

The last terminations of the nerves in leaves consist only of 
tracheids. The vessels and tracheids convey air and water; they 
form the conducting system for water and the inorganic nutri- 
ment. 

The wood-psrencbyma is not necessarily present, but is de- 



Fia.'.lBS —Vesnels (/v) from Bhitcima Filicii, tblcbened in a scalariforai maoDer 
(Berg), 

veloped in many cases. In contradistinction to the proseuchy- 
matous, tracheal tissue, the former consists of thin-walled cells, 
which are connected with the neighboring vessels and cells of the 
medullary rays by means of pores, and are filled with variona 
substances (protoplasm, starch, oxalate and tannin). The wood- 
parenchyma serves for conducting the carbohydrates and for the 
storage of starch, and either traverses the vascular portion in 
the form of more or less isolated cells or occurs in the form of 
bands {Lignum Campechianum, Fernamhuci, Guaiaci, San- 
dali). 



WOOIVPAKBNCHYMA. 



The very dense wood of Lignum QuassicB (Fig. 137) contains 
groups of parenchyma (jp), which mn transversly in the form of 
bands from one medullary ray to the other, and intersect the 



Fig. 186. Fio. 18;. 

na. IW.— ficbemaUQ reiH<esentatIon of a longitodtn&l sectwn ol two tracbelds rrom 
conUerous vood. viUi tbo diSereut lorau of plttlnx of the membnuie (a-d), viewed 
taiBByeraaly and from the surface (Hartlg), 

Via. 187.— TmnBvetBB section tlirough Lignum Qaattiix jamaicettae: the moduUBiy 
r^B, which form two or three rows of cells Ir), are connected b;^ trsoBTerse bands of 
wood-parenchyma (p) ; between them is the hbriform tiHsue. 

wood in the form of numerous, closely arranged concentric 
rings.' By their wider and not thickened cells they present a 
' Compare also Berg's " Atlae." plate zxvii., Fig. 66 {Lignum Cam- 
pechianum), plate xxvii.. Fig. 64 (Lign. Owiiaei). 
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very sharp contrast to the zones which surround the large ves- 
sels, so that the varieties of wood just mentioned and others 
derived from tropical trees appear as if they had annual rings. 
A transverse section, however, soon teaches that these bands of 
parenchyma do not form connected rings, and that they also differ 
in other respects essentiallyfrom the annual rings. A longitudinal 
section shows still more distinctly that they consist of parenchy- 
matous tissue. They are designated as apparent rings,^ 

Such groups of wood-parenchyma never occur in the vascular 
portions of monocotyledons and in the young wood of dicotyle- 
dons, hut they are not rare in the older wood, the general struc- 
ture of which may here be considered. 

The most marked distinction between the monocotyledonous 
and the dicotyledonous stem depends upon the development of 
a cambium in the latter (Figs. 129, 138). 

The cambium (cambium ring, thickening ring) belongs to 
the formative tissues, and effects by its ac,tivity the growth in 
thickness. Consequently, where a cambium is wanting, as in 
the monocotyledons, a (secondary) growth in thickness is also 
excluded. The stems, therefore, remain slender and thin {Palms, 
Bamiusa^). The isolated bundles found in monocotyledons 
become initially formed as such already at the growing point, 
and no merismatic layer is maintained between the vascular and 
sieve portions (compare Fig. 133). 

It is otherwise with the dicotyledons and the gymnosperms. 
Here there appears between the interior, vascular portion, and 
the exterior, sieve portion, a layer consisting of very thin- walled,* 

^ The fine transverse undulations or horizontal stripings which are 
observed upon tangential sections of many woods (Picraama excelsa, 
Pterocarpua santalinua, Otiaiacum, CcesaJpinia, Diospyroa, and others) 
proceed, according to Von Hohnel {Berichted, deutach, bat, Oea,^ ii., 8), 
from the horizontal rows of equally large medullary rays or from a trabec- 
ular arrangement of the pits of the trachelds (Tamarindua), or from both 
causes at the same time. 

' Only some tree-like Liliacese (4Zog, Dracoena, Yucca) possess a sec- 
ondary growth in thickness. 

^ In drugs the cambium cells are, therefore, either torn, or at least 
greatly distorted and bent. Upon a transverse section of the stems and 
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tabular cells, rich in protoplasm, which are in a state of active, 
tangential division. By the activity of this layer vessels are 
separated on the inner side and sieve elements on the outer (Fig. 
138). 

Since this activity is not manifested throughout the entire 
year with the same degree of productiveness, but is more ener- 
getic in the spring than in autumn, the elements of the spring 
wood are more numerous than those of the autumn wood.^ 
Since in winter the activity of the cambium ceases completely, 
it follows that the large spring cells must directly follow 
upon the narrow autumn cells. There is hereby produced, upon 







Fio. 138.— Schematic representation of the activity of a cambium-cell (c). 1, before 
the beginning of its activity; 2, the cell has become radially extended, and (8) divided: 
a xylem cell (x') has been separated. In 4 the cambium-cell is again extended, while the 
xylem cell has already become thickened. 5, the cambium-cell by repeated tangential 
division has this time separated a phloem cell ip'). While the first-formed xylem cell 
(of) becomes further thickened, the cambium cell is again extended (6), again a tangen- 
tial wall appears within it, and the second xylem cell (a;') and soon afterwards (8) the 
second phlo€m cell ip") is separated. The former become strongly thickened, the 
latter remain thin-walled (Tschirch). 



a transverse section^ a visible delineation of rings, for the most part 
concentric, which are designated by the name of annual rings 

roots of dicotyledons, the cambium zone frequently appears as a circular 
line, distinguished by a darker color (Radix Olycyrrhizce, Bad, Calum- 
bce, Rhiz. Rhei, Stipites Dulcamarce), 

^ That the cells become narrower and smaller toward autumn, does 
not proceed (as Sachs, De Vries, and others have stated) from an in- 
creased pressure of the bark in autumn. 
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(Fig. 180 73-). In the case of dicotyledonous foliage trees, the 
distinction between autnuiQ and spring wood ie also farther in 
creased by the fact that the latter ia much richer in Tesaels.' 
{Fig.lSjfi. 
The ao-caUed wood-ring of dicotyledonous stems ia produced 




from Quaitla wood. 



by the confluence of isolated vascalar bundles, in their vascular 
as well as in their sieve portions, throngh the activity of an 
(intrafaacicular) cambium, the bundles being originally formed 
in a loose circle. 

' Berg's " Atlas," plate zxv,, 40, and plate v., SI. 
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The elementary organs of the wood,^ as the vascular portion 
of stems may be briefly termed, are as follows: the vessels and 
trachelds, or tubes conveying water, the wood-parenchyma cells, 
which serve for conducting the carbo-hydrates, and the libriform 
cells, or the specifically mechanical elements of the wood. Be- 
sides these, the wood is traversed in a radial direction by the 
medullary rays. 

The first three forms of cells have already been considered. 

The libriform cells * (wood-cells, wood-fibres) are the bast- 
cells of the wood (Figs. 137, 139), and therefore, strictly con- 
sidered, belong to the mechanical system (seethe latter). They 
are of service, however, especially in the transitional forms, to the 
other elements of the wood, occasionally also for conducting and 
storing nutritive material, and are therefore sometimes provided 
with contents. They are prosenchymatous, thick-walled, 
provided with cleft-like, oblique pores, and are never as long 
as the true bast-cells. 

The medullary rays (parenchyma rays) are aggregates of cells 
consisting of one or several rows, always built up of cells which 
are very much extended radially (Figs. 78, 137, 144, 149), and 
which pass from the medulla through the cambium and the 
sieve portion, often penetrating deeply into the bark (Figs. 100 
r, 118 m, 149, 137 r, 180, 181).' 

When the interior of stems is filled with fundamental tissue, 
the so-called medulla, it is thus, by means of these radiating 
lines of cells, placed in connection with the tissue of the outer 
bark, which is located on the periphery of the fibro-vascular 
bundles. These rows of cells are therefore very appropriately 
called medullary rays. Their development in a vertical direc- 
tion is governed by the number of rows of cells placed over each 

^ The anatomy of the wood has been diagnostically utilized by 
Ndrdlinger ('' Anatomische Merkmale deutscher Wald- und Garten- 
holzarten," Stuttgart, 1881). 

* lAber, bast, forma, form. Compare Sanio, " Vergleichende Unter- 
suchungen uber die Elementarorgane des Holzkorpers," Bot. Zeit., 1863, 
101. 

' Compare also Berg's *' Atlas," xxxvi. to xl., Figs. 86-94 r. 



PLANT ANATOMY. 



Other in a oompartmeat-like form. Very frequently this num- 
ber is not oonsiderable, so that the medullary ray, upon a trans- 



verse section, which is made vertical to its surface of length (tan- 
gential to the surface of the stem), represents a cleft filled with 



. — Medullary rajs from Lignum Juniperi^ conalating of a slnj^ row of 



parenchyma (Fig. 140). In breadth the medullary rays some- 
times present but a single row of cells, as, for instance, ia Lignum 



MEDULLARY RATS. 325 

Juniperi (Fig. 141), L. Ouaiaci, L. Quassia surinamense,' 
sometimes two or three rows, as in Lign. QaassiiB famaicense 
(Fig. 137), and aometimeB still more, as in rhubarb (Fig. 143). 
It follows from this that, on a transverse section, the fibro- 
vascular bundles must appear either in radial rows, or separated 



Fio. 142.— TanKenUM longltudiiial section of Rhubarb. A, Fundamental tiOBue Of 
the bark wich Ath medullary rajs, which are cut transTersely. B, Section from the 
lylem portioD. which latrarersedjby netted vessels (v) of considerable size; 9, roaettea 
of oxalate erf stals. 

from each other by large medullary rays. The tissue of the 
medullary rays, at least within the compass of the fibro-vascular 
' Berg's " Atlas," plates xxv. to ixviii. 
IS 
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Byetem, constBts almost entirely of cubical or horizontally (radi- 
ally) extended (parellelopipedal), thin-vallod cells which are 
joined together in a wall-tike form, withoat intervening spaces 



(Fig. 143). This regularity is lost at the place where the c 
duilary rays pass into the bark. 



In the cambial zone, when the growth in thickness is already 



JIEDULLABT BAYS. 



Fia. 14S.— Tranaverse section - tbrough phloSm portion oC the bark of Cinrkomt 
tancifolla ; r, prliuary medullarr rt,ya; t. Becoadur medullary raya: 9, stone-cells; p^ 
ba« cells (BerK). 



338 PLANT ANATOMY. 

quite advanced, medullary rays of smaller size are often subse- 
quently developed, which are designated aa secondary medullary 
rays. They are met with frequently, for example in the CTn- 
/;hona harks (Fig. 145), and, according aa they are located in 
the xylem or the phloem, are termed secondary zylem (or 
medullary) rays, or bark raya. 

The great variety of special features in the structure of the 



I the peeled root of Rheuta Bkaponticwn. 
; i, crysUla of oxalnle. 

medullary rays affords very noteworthy and characteristic dis- 
tinctions for many drugs.* As against roots which have a de- 
cidedly radiate structure (for instance, Rad. Rhapontici, Pig, 
146 a), it may suffice here, for example, to refer to such which 

' In the CoDiferxe, as Essner hae shown ( Abhandl. d. nnturforsch. 
Oee., Halle, 1863), the number and heightof the medullary rays, as well 
aa the form and size of their cells, possess no diagnostical value. 
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have no diBtinctly marked medullary raya, either in the wood 
or in the bark (Radix Ipecacuanhm and in Mad. Taraxaci). 

The medullary rays of rhubarb (Fig. 146 b), which only oc- 
cur regularly in the cortical portion, are very characteristic 
with regard to their course and contents. Within they are 
variously serpentine, and therefore, since they consist of cells 
with reddish-yellow contents, produce the peculiar spots on the 
surface of the peeled rhizome and the marbled appearance of 
the interior,' 

In those fibro-vascular bundles where, by the formation of 
the bundles themselves, the activity of the cambium is termi- 
nated already at the growing point, no medullary rays are 





which has 


boeo pored oR; c, cambium, a, medullary ra/s of the marKinal portion; 




gpots; m, fuDdameatal tissue. 





formed; hence they are wanting in the monocotyledons and in 
the vascular cryptogams. 

Although, for example, the vascular bundles in a number of 
monocotyledonous roots are closely connected with each other, 
and are arranged in the form of compact, closed rings (Rhiz. 
Oraminis, Rhiz.' Caricis, Rad. 8arsaparill<B, and rootlets of 
Veratrum), the medullary raya are nevertheless wanting in these 
rings. 

The cells of the medullary rays have the function of con- 
ducting in a radial direction. But they are also receptacles for 

I Berg's "Atlas," Plate xii. 
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reserve substances. Starch is, therefore, often found in thetn, 
especially in winter (QuercuK). 




Fnictu3 Papaoerii (Dippel). 



In older stems and branches, the heart-wood (duramen) and 
lap-WOOd (alburnum) may be distinguishc'd. The heart-wood. 



Fio. 14a— Sieve-tubee of j 
Irocted pLumalic cootentft or 



OTi fasbly, (6) more highly magniaod. 
sameaase^a rram theBurfsce; p, the co 
ea (Hartlt). 



which is mostly characterized by a darker color {logwood, red- 
wood, and other varieties of dye-ivoods, Ouaiac), consists of the 
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older layers of wood, which are no longer vitally active, while 
the sap-wood is formed of the younger wood, which often com- 
prises but a few annual rings. 

The second component of a vascular bundle is the sieve 
portion * (phloem in part). This consists of sieve-tubes (with 
latticed cells) and cambiform cells ; its elements never become 
lignified, which, on the contrary, occurs regularly with the ele- 
ments of the wood. 

The sieve tubes" are elongated, thin- walled cells, which 
correspond, in their entire structure, to the vessels (in the 
xylem) (Figs. 147, 148). They serve for conducting non-dif- 
fusible, albuminous substances, which they abundantly contain, 
and are, therefore, mostly divided by oblique, transverse plates, 
which appear pierced by numerous holes (sieve-plates. Fig. 
148 a). 

The sieve-tubes are often accompanied by small latticed cells, 
which, from the manner of their development, belong to them. 

The eambiform ceils are elongated, thin-walled cells, very 
rich in protoplasm, without pits, which are very similar in 
shape to the cambium cells, and conduct the more readily diffu- 
sible substances. 

Other parenchymatous elements besides those already men- 
tioned also participate in the conduction of substances, thus, 
particularly, the starch slieaths and sugar slieatlis^ which 
surround the vascular bundles. 

In the dicotyledons and gymnosperms, the medullary rays, as 
a rule, also intersect the sieve portion (bark rays or phloem 
rays); often, however, they remain imperceptible in the tissue 
of the bark {Radix IpecacuanhcB),* If they are distinctly 

' Also incorrectly termed '' soft bast." The term *' bast " should remain 
confined to the mechanical elements of bast-oells. 

' Wilhelm, '^ Beitrage zur Kenntniss des Siebrohrenapparates dicotyler 
Pflanzen," Leipzig, 1880. Janczewski, ** Yergleichende Untersuchungen 
fiber die Siebrdhren." Sitzungsber. d. Krakauer Akademie, ^881. De 
Bary, " Anatomie," p. 179. 

« Arthur Meyer, Archiv der Pharm,, 221 (1883), p. 737. 
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viBible, that portion of the bark ' which is traversed by them 
is termed the inner bark {Fig, 144 i, 149 i); the portion toward 
the exterior which ia connected with it, and which mostly con- 



Fia. 14S.—TraiDBTerse section through the bark of an older s 


Mm of Cera 


^ fc, Bclerotlied cork-cells: >, aclerelds: m, medullorr «;» 


«6, BievB-tu 


lark; ml, middle bark; a, outier bark (Uoeller). 





eists of a mixture of parenchymatous cells containing chloro- 
phyll (bark parenchyma) and of mechanical cells (bast-cells, 

' With regard to the structure of the bark, compare especially Mueller, 
" Die Auatomie der Baumriuden," Berlin, Springer, 1884. 
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stone-cells, collenchyma), is termed the middle harh (green 
bark, Figs. 144 m, 149 m); and the epidermis (cork) the outer 
iarh (Figs. 144 a, 149 a). 

Naturally, barks are found only in the dicotyledons and gym- 
nosperms. The name is used to designate the entire collection 
of cells located outside of the cambium. Nevertheless, in the 
case of monocotyledons the portion of tissue located outside of 
the nucleus-sheath is also, for the sake of convenience (but in- 
correctly) termed bark. 

In the middle bark, entire lines of cells are often found which 
are filled with crystals of oxalate. These frequently accompany 




Fio. 160.— Bast-fibres from Cinchona (China) Alba Payta^ with impressions of the 
neighboming crystal cells. 

the bast-cells, and are occasionally in such close contact with the 
latter that depressions are produced. The crystal-cells appear 
indented into the bast- cells, as in ^^ Cinchona (China) alba" ^ 
(Fig, 150) and in the bark of Aspidosperma Quebracho.^ 

If the activity in the entire (cambial) thickening ring pro- 
gresses in a uniform ratio, then the separated elements of the 
wood and of the bark are arranged in strictly radial rows. 

In the wood, these rows mostly remain preserved (coniferous 



* Fltickiger, Neues Jahrbuch ftir Pharmacie, xxxvi. (1871), p. 293. 
' Hansen, ** Die Quebracho-Rinde." Berlin, 1880. 
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wood, logwood, red-wood) in consequence of the thickness of 
the walls of the cells and the absence of dislocating tensions. 
In the bark, however, especially at later periods, in consequence 
of the various dislocations, lacerations, and subsequent divisions 
of the cells, etc., they are seldom distinct {cinnamon). Even 
the bark rays have seldom (for instance, in the willow) a pre- 
cisely radial course {Cinchonas). Nevertheless, the radial rows 
of the elements of the bark may often be followed nearly to the 
epidermis. 

According to the manner in which the distribution of the 
vascular portion and the sieve portion takes place in the vascu- 
lar bundle, the following designations are employed. The bun- 
dle is spoken of as concentric when one of the two parts surr 
rounds the other in a sheath-like manner, that is, either the 
sieve portion the vascular portion {Rhiz, Filicis, Fig. 135), or 
the vascular portion the sieve portion {Rhiz, Oalami, Fig. 151, 
Rhiz. Iridis);^ as radial, when the vascular and sieve portions 
are located radially, one behind the other (the typical structure 
of the vascular bundles of roots. Figs. 120, 121); as collateral, 
when both parts run beside each other and are in contact later- 
ally (the typical structure of vascular bundles in the stem and 
leaves of phanerogams). 

In the leaf, the sieve portion always lies in a direction toward 
the lower surface, and the vascular portion always toward the 
upper surface (Fig. 129 g, sb). 

If, through the activity of the cambium, the formation of 
secondary wood takes place, the primary bundles, which had 
already previously been formed at the tip without the activity of 
the cambium, move more and more toward the interior; and in 
all those cases where they lie relatively widely separated from each 
other, they project toward the medulla in a bow-like form and 
constitute the medullary- crown or medullary sheath. 

The outermost layer of the fibro-vascular body of roots, which 
remains for a long time capable of development, or, in other 
words, in a parenchymatous condition, and in which the root- 
lets become formed, is termed the pericambium. 

* Compare Berg's ** Atlas," Plate xxi.. Fig. 51. 
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C. The Stormg System, 

Since the plant does not immediately consume all the sub- 
stances which it takes up or forms^ it must possess some 
arrangement whereby these substances may be stored for future 
use. The plant therefore deyelops receptacles for reserye 
substances, in which it deposits the building materials. Such 
reserve receptacles are the seeds/ fruits, rhizomes, tubes, bulbs 
and perennial roots; indeed, even the stem (especially the me- 
dullary rays)' can become a receptacle for reserve substances. 

The substances deposited in these organs are mostly solid; 
readily soluble substances (sugar, dextrin) are avoided, as a 
rule, by the plant. In the sugar-beet, however, the sugar is a 
reseiTe substance. They are either carbohydrates (starch, inulin, 
cellulose, for instance in the Phytelephas seed), fats (oil) or 
albuminous substances (gluten, aleurone); but; water also is 
stored for the germinating plant (bulbs),* or it is energeti- 
cally retained by the fully-developed plant (epidermal water- 
tissue).* 

7. The Aerating System. 

In the 'development of plants, the interchange of gases plays 
an important part. The plant consumes carbonic acid (and 
oxygen) from the atmosphere, and gives up to the latter oxygen 
(and carbonic acid), as well as aqueous vapor. In order to render 
possible this interchange of gases, cavities in the tissue are 
necessary. These collect the gases, and the canals, which serve 
respectively for their entrance and exit, convey them from with- 
out to the interior and inversely. 

For these reasons the plant is abundantly provided with 
intercellular spaces (Figs. 129, 127), especially in those parts 

' The seeds have received appropriate anatomical treatment by Harz, 
*' Landwirthschaftliche Samenkunde." Berlin, 1885. 

' Malpighi, '^Anatomes plantarum idea" (1671), had already recog- 
nized the medullary rays as reserve receptacles. 

' All bulbs {Bulbus Sdllce) attract water abundantly, in consequence 
•of the mucilage and sugar which they contain. 

* Westermaier. Pringheim's Jahrb., xiv., 48. 
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in which the procesBea of development are actively effected. 
While the cells of the epidermis, of the cambiform, of the cam- 



binm, and of the medullary rays are closely united to each other, 
■without intervening spaces — the wood, the bark, and the tissne 



FiG' IB3. — TransTerae section from llie earcocarp of FVudua Auraniiontm; the 
large, brajiched i^ells haviiiK Bieve-Uke pores at their points of cooDectlou. for example, 
at cr; q, branches of cells cut transrersel; ; 4, imperfectly developed, large cryBbtb ot 
oxalate. The dotted places represent tbe alr-oaTittes; v, flbro-vascular bundle. 

of the leaf possess an abundance of such, mostly triangular or 
quadrangular, intercellular cavities. Aquatic plants, especially 
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their immersed portioQB, aleo show very large and numerons 
intercellnlar spaces {Ehiz. Calami, Fig. 151, Garex leaves, 
rhizomes of the Nymphcea, Garex arenaria and Oratiola '). 
The intercellular spaces produced by the disintegration of cells, 
as a result of the tensions occurring through growth, may 
assume the most varied forms, and finally by far exceed the 
cells themselves in area. 

Excellent examples of this are afforded by the thickened 
margins of Siliqva dulcis, the more central tisane of J^Vucius 



Fio. 168.— TramsTOTse section throagh Caryoplii/Uui, Inner tiSBue; /, loose, branched 
oetb. Interrupted by iaige air-caTiUes; 1, d, flbro-Tascular bundles; v, cenCral flbro- 

Auraniiorum (Fig. 153), the rhizome of Calamus and a portion 
of the inner tissue of the dove (Fig. 153), 

Finally, wide spaces containing air (air-cavities, lacunte) may 
alsobejfound between the tissues, in consequence of the deli- 
cately-walled parenchymatous tissue, especially the medulla, 
not being able in its development to keep pace with the growth 
in thickness of the other tissues, so that the cells of the former 
* Berg's " Atlas, '^ plate xxii., Fig. SS. 
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gradually become destroyed. In this manoer the hollow steniB 
(Gramineie, tTmbellifeRe, Dulcamara) and roots (Rhix. Qramt- 

nis) are produced. Some of the air-cavities in many roots and 
leaves (aquatic grasses) may also be bo produced; at least shreds 
of the cell-membrane are often found on their margins. Lastly, 
there may also be mentioned the cavities which are formed in 
many drugs by the ultimate laceration either of lines of cells of 
the medullary rays (Radix Bardanm seu Lappm, Carlints) or of 



F^a. 164. — Surface view at the epjdermifi of a leaf of Mentha piperita; ^^ undulatod 
epidennEJ oella; *p, stoma: ^<i, on glsnilB {seen from above) wiUi a group of uyslalaot 
moDthol m (Tscblrch). Compare also ng. 1^, 

the bark (especially of the bark-rays. Bad. Arnicts, Fig. 183 b, 
R. Levistici, R. Pimpinellm). 

It is, however, more especially the lower side of leaves which 
is abundantly agrated (tranapiratiug tissue. Figs. 127, 139). 
Here are also chiefly found the canals of exit, the stomata, 
which are mostly located at the level of the epidermis or are 
only slightly depressed below the latter (Figs. 139 sp, 155), and 
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which establish a direct connection of the intercellular spaces of 
the inner tissue with the atmosphere. Besides on leaves, 
stomata are also found on seed-vessels, young axial organs (sterns)^ 
and even on the walls of the ovary, but never on roots. 

On leaves the stomata occur for the most part only on the 
lower surface (Figs. 127, 129), or the latter is at least more 
abundantly provided with them than the upper surface. This 
applies, however, only to bifacial leaves, the centric leaves (see 
page 210) having stomata on both sides (Fig. 128). In the 
monocotyledons the stomata lie mostly in straight lines, the 
cleft having the same direction in all (Fig. 156); in the dicoty- 
ledons they are irregularly distributed (Fig. 154). 




Fio. 156.— Vertical section of a stoma from a leaf of Mentha piperita; Ep^ epidermis; 
c, cuticle; mer, leaf merenchyma; «, guardian cells; E^ eisodial opening; o, opisthial 
opening; A^ respiratory cavity; n, lateral cells (Tschirch). 

Their form and development * is very varied. Plants occur- 
ring in dry climates have variously protected (depressed) stomata 
(Figs. 63, 128). 

There are distinguished on the stoma (Fig. 155) the guard- 
ian cells (5), the central cleft (poms), and the eisodial (B), and 
opisthial opening' (0). Beneath the guardian cells there is 

* Weiss, Pringsheim's Jahrbiicher f. wissensch. Botanik, iv., 1862, p. 
425. Strassburger, Ibid., v., plates 34-86. Tschirch, "Ueber einige 
Beziehungen des anatom. Baues der Assimilationsorgane zu £[limaund 
Standort," LinnaBa, 1881. In the latter the entire literature relating to 
the stomata is given up to the year 1881. 

• Compare Tschirch, loc. cit., p. 140. 
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always a more or less wide respiratory cavity (Figs. 155 A, 179 




ff), and occasionally, beside the guardian cells, peculiarly formed 
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lateral cells (Fig. 155 n). The number of the stomata varies 
exceedingly. Upon a square millimeter of surface of a leaf 
from ten to eight hundred of them may be present. 

The distribution of the stomata^ as also the shape and size of 
the epidermal cells, is employed by Bell * as a means of dis- 
tinguishing tea, elder, willow and sloe, or black-thorn leaves. 

The periderm, like the epidermis, is also occasionally traversed 
by open gas passages. These are the lenticels * or bark-pores. 
They are mostly produced beneath the stomata, and, as they 
consist of roundish, suberized cells, they form small, sharply 
circumscribed corky protuberances, which assume on the older 
organs the function of the stomata, that is, they regulate the 
interchange of gases. For some barks the lenticels are charac- 
teristic (Ekamnus Frangula, Solanum Dulcamara). Such 
corky growths occur also upon leaves {Eucalyptus, Fig. 128 k, 
Dammar a). ^ 

8. Receptacles for Excretions. 

During the change of matter incidental to the life of the 
plant) there are formed certain substances which, so far as our 
knowledge extends, find no further application, and are therefore 
termed excretions,^ 

They may either be produced in more or less peculiarly shaped 
cells or cellular passages (oil-cells, mucilage-cells, latex-tubes), 

1 " Die Analyse der Nahrungsmittel," i. (Berlin, 1882), p. 36. 

* Diminutive of the Latin Zens, a lens, on account of their form. Re- 
garding to the lenticels, compare Stahl, Botan. Zeit., 1873, No. 86. 
Klebahn, Ber. d. Deutsch. botan. Ges., 1883, and '* Die Rindenporen. 
Ein Beitrag zur Kenntniss des Baues und der Function der Lenticellen 
und der analogen Rindenbildungen," Jena, 1884, where the.literature is 
also given. 

3 Bachmann, "Ueber Korkwucherungen auf Blattern," Pringsheim's 
Jahrb., xii., p. 190. 

* Regarding the limitation of the terms excretion and secretion, 
compare the interesting investigation of Szyszylowicz, ** Ueber die 
Sekretbehalterjder fltiohtigen Oele im Pflanzenreich." Denkwiirdig- 
keiten derKrakauer Akademie, 1880 (Bot. Centralbl., viii., 1881, p. 259). 

16 
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or secreted by special celJa or aggregations of celU (organs of 
secretion) in intercellular spaces (oil-passages). 

The volatile oils and the resina come primarily under consid- 
eration here. 



The latex-tabes were also formerly considered as receptacles 
for excretions, but it has recently been rendered probable, by 



the discovery of points of connection with the assimilating tissue, 
that they have some share in the transfer of substances, and 
that their contents are not true excretions, although of more or 
less importance in the process of developmeat.' 
' In this place reference may also be made to the fact that the latex- 
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Nevertheless the latex-tubes should be treated of iq this place. 

Oil-C«lls. Volatile oil, in roundish or oval cells," is found in 
cloves (as much as 30 per cent), in cuhebs (as much as 13 per 
cent), in mace (up to 17 per cent. Figs. 85, 159, 160),' in the 
leaves and barks of the Lauracem ' (Cinnamomum, Camphora, 
Fig, 161), and in the rhizomes of the Zingiberaceffl (Fig. 125) ' 
and of Acorus Calamus (Fig. 151 a). Volatile oil, mixed with 



Vm, ini.— Transrerse section tbrouEb a sut>«pldernial oil-cell in thea 
from a lea( of Cinnamomum Camphora; ep, epidermia (e, outldo; cs. cuticle layer; el, 
cellulose layer), p. paJisade tissue; di, oil-ceU; a, drops of oil (Tschlrch). 

tubes are frequently connected anatomically with other conducting 
organs, especially with sieve-tubes, as, for instance, in Bad, Taraxaei 
(Figs. 164 and 165). 

' All the cells dispersed through the fundamental tissue, and differing 
in shape or contents (stune-cells, oil-, resin-, mucilage-cells, latei-tubea 
etc.), are also designated in general by the name of idioblatta (from 
iStos peculiar, fi\a6z6i, germ, organic structure). Heinicher (Ber. d. 
Deutsch. hot. Qes., ii.) has also recently found in the PapaveracesB 
idioblasts contaiDing albumen. 

' These examples may also be regarded at the same time as the maxi- 
mum amounts of volatile oil contained in plants. 

' Berg's " Atlas," Plate xxxvi., Fig. 86. 

*Jbt(i., Plateiix. 
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other substances (coniine), occurs in peculiarly shaped lines of 
cells in the fruit of the Conium. 

The volatile oil fills, or almost entirely fills, the individual 
cells. The same applies to the mucilage of the mueilage-eells ' 
(see above), such as are met with, for example, in Bad. AthcecB, 
in the Orchis tubers, in Cortex Oinnamomi, and in Cortex 
ZFlmi, As a rule, the cells containing oil or mucilage are some- 
what larger than the cells of the surrounding tissue {Orchis y 
Cort. Cinnamomiy^ Figs. 160, 161, 186 ch). 

As an example of the occurrence or absence of mucilage- 
cavities under special conditions of growth (and therefore by no 
means regularly) we may cite Laminaria hyperborea Poslie {L. 
Cloustoni Edmonston).* 

In addition to volatile oil and mucilage, crystals,* tannin * and 
Tesin also occur as constituents of true secreting cells. Hohnel • 
has futhermore shown that kino,^ from the bark of Pterocarpus 
Marsupium Eoxburgh, also occurs in extended (100-500 ^) 
cells or tubes, united to form long bundles, which are not su- 
berized. On the other hand, the oil-tubes of the Indian species 
of Andropogon {Andropogon Schcananthus L. was examined), 
from which we obtain the fragrant volatile " grass-oils, ^^ ® are 
fiuberized. 

The previously mentioned glandular hairs^ the terminal 

« Berg's "Atlas," Plate xxiii., Fig. 57. 

* I5td., Plate xxxvi., Fig. 86 m. 

* M. Foslie, ** Ueber die Laminarien Norwegens " (Christiania Vidensk.- 
Selsk. Forhandl., 1884, No. 14), p. 47 of the reprint. 

^ The true crystals of many plants (especially of monocotyledons), as 
well as the cystoliths, are to be regarded as excretions. 

^ We place the tannic matters here under the excretions, although, like 
the constituents of the laticiferous juices, they probably still partici- 
pate in the processes involving the transmutation of matter. 

* ** Ueber die Art des Auftretens einiger vegetabilischer Rohstoffe in 
<den Stammpflanzen." Sitzungsberichte der Wiener Akademie, 89 (1884), 
January number. 

' To what extent such special substances occurring in the plant are to 
he considered as excretions still remains undetermined. 

* Fltickiger, ** Pharmakognosie," p. 157. 
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cell of which contains a Becretioii, must likewise be classed here. 
These glandular hairs are either trichome formations (epidermal 
glands, glandular hairs, tufts, scales, compare Pigs. 139 od, 154, 
96), and as such haye already been treated of, or they are pro- 
daced by the protuberances of cells of the inner tissue, which 
border on intercellular spaces (root-stock of AKpidium Filix. 
mas). 



r o—'o-^ 



Fia. IBi.—From Che fuadamenUJ Uwue □( the underground Hiem of Atpidiim Filix 

A.— IntercellulAr space from the rounder tlsaue. In ths middle showing a gland, as 
seeD from abova and covered with'agtreen eiudatlon. 

£.— Longltudiaal aectlan through awall-cell (m). of the intercellular apace, Lfrom 
irhlch tbe glaad ig) b^ns to grow as a protuberaace. 

C— Longitudioal sectlau through tbe mother-cell (nt) filled witb sMrcb, fromtwbleh 
tbe gland, which ia borne upoQ a atalk. projects as a, daugbter-cell into the 'intercellu- 
lar space. The daughter-cell has permitted ^its green canteuCa to appear upon the 
lurfaoa (as already represented from above, in A). 

D.^A. single gland more high); magnlfled, and freed from its covering, with tbe ex- 
ception of adellcale tllm (cc). b; boiling with alcobol (Scbacht). 
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The intercellalar spaces in the fundamental tissue of the 
root-stock and in the leaf parenchyma of Aspidium Filtx mas 
(Fig. 162), which have been described by H. Sehacht," are very 
remarkably constructed. All of the boundary cells of these 
cavities do not assume a special form, but some few of them 
grow in a spherical manner into the hollow space,'through a pro- 
tuberance of the delicate wall in one or two places. The daughter- 
cell, which is thus produced, becomes immediately bounded by 
a transervae wall, and elevated upon a small stalk over the 
mother-cell in a head-like form (the " Zottenkopf," or tufted 
iiead, of Hanatein). These small glandular cells thus remind 



1 Radix T-waxaci. Tangential langltudiiUil section 

one of the" more simple forms of the above-described oil-pro- 
ducing trichomes of the Labiatfe. In the fern-root the glands 
in their terminal head-like cell at first contain protoplasm, in 
which after a short time greenish oil-drops occur; these are 
finally forced out upon the surface of the gland, and envelop it 
as a thiu greenish layer. This section consists for the most 
part of the peculiar filicic acid, which, by longer preservation 
under glycerin, crystallizes in long needles; volatile oil is want- 
ing here, or is present in but very slight amounts. Such in- 
tercellular glands have also been met with by one of ua (F.) in 
■ Friagsheim'e Jahrb. f. wissenachaftl. Bol,, iii. (1868), p. 858. 
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the (noii-officinal) root-etock. ot Aspidium spinulosum Swartz; 
in the other ferns of our region they are wanting. 

A second form of secreting cells are the latex-tabes or latici- 
ferons ducts.' In most cases (especially when the tubes are 

very long) they are prodnced, like the vessels, by the resorption 
of the transverse walls of lines of cells lying over each other 
(cell -fusion). In their simplest initial formation they are dis- 
tinguished, however, from the neighboring parenchyma cells, 
like the mucilage-cells and the oil-cells, only by their contents 
and somewhat more considerable width, as for instance in Jalap 



FlQ. 1«4. Fio. 16B. 

Fio. 164.— Longitudinal section through the outer Utei-ione of Badix 
highly magnified; cr, aieve-tubea; I, latex-Cubes. 

Fio. 16B.— Longitudinal section through one oF] the inner latex-zones of Bad. Tar- 
axaci, in which the tubes (t) are accompanied by sieTe-tabeB (cr). 

■ With regard lo latex- cells "and latex-tubes, compare Meyen, " Die 
Secretionsorgane der Pflanzen," Berlin, 1837.— Hansteia, " Die Milch- 

Baftgeffiaee," Berlin, 1804. — Dippel, " Entatehung der Milchsafl^ef&aBe," 
Rotterdam, 1865. — Vogl, " Beitrfige zur Kenntnisa der Milchsaftorgane," 
in PringshRim's Jahrb., v., 31, — David, " Ueber die Milchzellen der 
Euphorbien," Breslau, 1673.— E. Schmidt, Botan. Zeit., 188S. Scott, In- 
augural Dissertation," Wurzburg, 1881, etc. 
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tubers (Fig. 166) or in the Chinese galls (Fig, 91). In the 
Cinchona barks, the latex-tubea are distinguished by their 
considerable length, often alao by s far greater diameter; in 
other cases, ae in Fructus Papaveris and in Caricts ' (Fig. 167), 
they are developed as branched systems of canals. In this man- 
ner abundantly branched latex-tubes traverBe definite layers 
of Radix Taraxaci (Fjgs. 163 to 165). Here the system of these 
tubes, without regard to the overground portions, is only de- 
veloped in the bark; in Lactuca virosa it extends also to the 
central parenchyma of the stem, together with all other parts 
of this plant. 



I* 



Fia. 166.— Cells from Tvbtr Jalnpce conuintnf: latlclffrous Juice. 

One may accordingly speak of latex-cells and latex-vessels or 
tubes. The former are true cells, and, when formed already in 
the germinating plant, may often become very long, and, in- 
deed, absolutely branched, without being divided by transverse 
walls, as for instance in the UrticaceBe, Euphorbiacese and 
AscIepiaceBB. The milk-tubes, on the contrary, are lysigenic' 
passages, that is, canals formed by the solution of the trans- 

' The ]atex-tub«8 of the tig are so atriking that by means of them one 
may easily recognize an adulteration of coffee Vith "flg coffee" 
(roasted flgs). 

* Avoa a dissolution, and ygvvaai I produce. 
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Terse walls. With these are to be classed the tubes of the Cicho- 
riaceie (Taraxacum) and those of the PapaveraceEe and Cam- 
panalaceEB. 

If a resorption of the transverse walls does not take place, but 

the short latex-cells He in rows over each other, lactescent lines 
of cells are produced, as for instance, in the ConvoWulaceffl 
{Tuber Jalapw, Fig. 166); guttapercha (mostly from Dichopsis 
Outta Bentham et Hooker) also occurs in such lines of cells 
containing laticiferous Juice. 

The contents of the latex-tubes is a mixture of very variable 
composition.' Besides the more commonly distributed substances. 



Fia. I6T.— LatAi-Cubes of the Bg: tsDgentl&l gecCioD throiiKh the more central lafer. 
I, tubes : 6. rosette of ci^atala ol cslcium oulate : v, TSscular bundle. 

such as salts (calcium malate), starch and protein bodies, very 
many, if not all, laticiferous juices contain caoutchouc. Pe- 
culiar bitter principles and alKaloids (as in opium) also occur in 
them, and some laticiferous juices are therefore medicinally 
valuable (opium, euphorbium. lactucarium). In the latex of 
species of Euphorbia is found the indifferent, cry stall izable 
euphorbon. The milky juices which here come under considera- 
tion are white in their fresh condition. 

Caoutchouc appears in the laticiferous juices in the form of 
globules, which swell in volatile oils, and are not changed by 

' Compare among others S. Dietz, " Beitrag zur Kenntnies des Milch- 
BBftee der Pflanzen," Botan. Centralb., 1888, xvi., p. 183. 
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dilnte alkalies and acids, but are dissolved bj chloroform and 
carbou bisulphide. 

With the latex-tiibea which are formed through solution of 
the intervening cell-walla are connected the receptacles for 
resiD and balsam, ^hich are produced in a Ijsigenic manner 
(see pages 170 and 348). 

These appear as roundish spaces or cavities, filled with their 
contents (formerly termed "interior glands"), and are pro- 
duced in such a manner that those cells which occupy the 
place of the subsequent receptacle become filled at an early 
period with the respective secretion ; afterwards the membrane 
of these cells containing the secretion disappear (Fig. 168, com- 



FiQ. ICS.— Formation of an oil gland of Dlctamnitt FraxiatUa! at tba [eft is repre- 
fiented, below tho epidoriuis, a ^roup of amall cella whEch become filled with drops of 
oil, while th«cellB are la process of CtiBsalutEon : at Che right, most of these cells hare 
already becoiDe dissnlTed, and In their place Is produced a lysigealc intercellular ^laoa 
coutalDlDg a secretion (BauCer). 

pare also the previous remarks in connection with the cell- 
membrane). These receptacles are not, like the resin-canals 
(which will be considered directly), bordered by a circle of se- 
creting cells; the cells inclosing them are not essentially dis- 
tinguished from the tissue of their surroundings. With these 
may be classed the oil receptacles of the Butaceaa' {Ptelea, 

'Compare Rauter, "Zur Bntwickelungsgeschichte eioiger Trichotnge- 
bilde." Sitzungaber.d. Wiener Akad., 1873, and VonHfihnel, "Anatomi- 
8Che Uiitersuchungen Qber eioige Secretionnorgaue der Fflaiusen." 
Wiener Akademie, November, 1881. 
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Correa, Ruta, Dictamnus),^ of the leaves and fruits of Citrus, 
and of Jahorandi leaves. 

Thus, for example, in the very large oil-spaces in the rind of 
the fruit of species of Citrus, a solution of the cell- walls is dis- 
tinctly perceptible.' This is, perhaps, still more the case in the 
trunks of Copaifera,^ in which the balsam passages attain 
sxi enormous development. These trees contain the copaiva- 
hdlsam in canals which are as much as an inch in diameter, and 
which often traverse the entire trunk, so that a single one, after 
being bored, is capable of yielding balsam by the pound. In 
the so-called ^^ gummosis,^' the membranes become converted 
into gum (compare page 166, Fig. 78). 

In the SterculiaceaB, lysigenic (protogenic, page ^63) gum-pas- 
sages are found.* 

The lysigenic passages, like the schizogenic, which will be 
described directly, may be either dermatogenic, that is, produced 
by the participation of epidermal cells {Citrus, Dictamnus, 
Amorpha), or they may be formed under the epidermis, deeply 
in the interior (interior glands in a more restricted sense). 

The secreting space of the lysigenic passages is always com- 
pletely closed. 

The intercellular receptacles for secretions, or the so- 
called oil-passages and balsam-passages, belong neither to the 
true cells, nor to the tubes produced through the fusion of cells, 
nor to the passages of lysigenic origin. 

The formation of these receptacles, which are found in the 
MyrtaceaB {Bucalyptufi, Figs. 127, 128, Myrtus, Eugenia, Pimen- 
ta), in the Leguminosae {Amorpha, Hymenma, Trachylotium), 
in the Umbelliferae, CompositaB, and Coniferae, in Oxalis, 
Lysimachia and Myrsine,'' admits, in the families of the Um- 

^ Here also in the interior of hairs, Sachs, ** Lehrbuch," p. 93. Mar- 
tinet, lac. cit, De Bary, loc, cit. Fig. 22. 
•Sachs, "Lehrbuch der Botanik," 1874, p. 92. 
^Karsten, Botan. Zeitung, 1857, p. 316. 

* Trecul, Compt. rend., 1862, p. 315.— Ledig, Botan. Centralb., 1881, 
vi., p. 387. 

* Von Hohnel, in the investigation cited on page 250. 
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belliferae, CompositaB and ConifersB * (which are very rich in such 
examples) of being traced back to the production^ extension, and 
prolongation of intercellular spaces. Very frequently four cells 






Fio. 169. Fio. 170. Fio. 171. 

Figs. 109-171.— Four boundary cells, 9999, in Fig:. 170 receding from each other; In 
Fig. 171 the intercellular passage so produced exerts a pressure upon the boundary 
cells. 

Pig. 169, gggg) recede from each other in the region where they 
meet together. 

The boundary cells (g), which in the beginning (Fig. 170) 
still project with their convex walls into the resin-passage. 





Fio. 172. 



Fig. 178. 



Figs. 172-173.— Banning of the depression of the boundary cells, which in Fig. 173 
are strongly compressed in a radial direction (M&ller). 

recede (Fig. 171), and are more and more depressed in a radial 
direction (Figs. 172, 173). At the same time, in the boundary 
cells, and frequently also in the farther surroundings of the 

' Compare also Fig. 106. 
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paesagea, a new formatiou of cells takes place by the division of 
the older cells (Figa. 174, 175), so that finally the fuUy devel- 



Fio. 17*.— BeglnnloBoflho now formation olcella la Che boundarjcsllB (MflUer). 

PiQ, 1T5.— Around the Intercellular passage, which haa become extended as an oil- 
space, a larer of tabular dau^bter-oeUg (seoerninK cells) baa been tormed. TratUTerse 
section through a branch ol the root of Inula Selenium (Uailer). 

oped resia-passage or bslsam-paesage is located in a special 



Flo. ITS.— IiOngitudlnal section (a) and transi 
sage (oil-space) ot Bad. Inulce. 

Fio. m.— Cenlrat portion of an oil-space froi 
section: o, oil-space; f, daughter-cells which hai 
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form of tissne (Fig. 176). From these cells surrounding the 
intercellular balsam-passage (secerning cells, epithelittm) the 
volatile oil, and the resin disaolvod therein, penetrate through 
their walls into the passage. 

A canal which has heen formed in the manner just described, 
by the parting of cells from each other, is termed schizogenic." 
In the larch, in addition to resin receptacles of this kind, 
lysigenio passages are also found (page 348). 

A ramification of those passages which more closely concern us. 
here is not perceptible on a longitudinal section through them. 



Wia. ire.— Longltudliial secUon from (he bark ol Radix Smabvl (Feruia aeu ffltrj- 
angi-am Sumbvl); ?-,medallMjrajB; i, phloSm; 6, oil-paaaaga (the parenchjma lylnB 
beneatb IC belog visible). 

so that they do not represent a vascular system, like the latex- 
tubes of many plants \e. g., Figs. 163-165). The more simple 
form of the resin-passages is in harmony with the manner of their 
formation, although this does not exclude the passages from oc- 
casionally attaining a considerable length (Fig. 176), as in the 
sumbul root (Fig. 178), in Rhizoma Iviperatorim, or, as already 
mentioned, in Copaifera,ajid presumably also in Diplerocarpus-' 
' SxiKi^ 1 cleave, and yivoi production- 
* FlQckiger, " Pbaim&kognosie," p. 86. 
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The iiitercullar resin-receptacles are widely distributed in the 
Coniferte; here they are found not only in the bark (Fig. 181), 
but also in the wood (Fig. 180), in the scales of the cones," and, 
indeed, the leaves mostly contain two of them (Fig. 179) on the 
lower surface. It is only in a few Conifers (Taxus) that they 
are entirely wanting, 

Oopal is also produced in echizogenic seeretion-reeeptaclea, 
in the Trachylobium as well as in the Hymenma, as Hohnel has 
shown. 



Via. 179.— Tr«naV8rse section through Ihe oil-canal of a coniferou* leaf: fle, oil 
tmDot; (, nucleus-Bbeath (cooeistins ot bsal-cellB) BurroundiDg the Bome: ip, stoma; a, 
reeplralory cavity ; ep, epidermis (Techireb), 

Although a longitudinal section through the root structures 
of the Compositffl and Umbelliferse does not rereal either a 
regular arrangement ' or a connection of the balsam- passages 

' Eanausek, " Ueber die Harzg&nge in den ZapfeoBcliuppen einiger Co- 
niferen," Jahresberioht der, etc., Haodelsschule in Krems, 1880. 

' With regard to the distribution of the resin-paseages, compare Hau- 
auBek, " Zur Lags der Earzg&age," IrmiBchia, ii. (1883), Noe. 8, 4, and 
N. J. C. Mflller, " Unterauchungilberdie Terrheilung der Earze, fither. 
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Fio. leV.— TnuuTCTse section tiora the wood of Anita tUvtiirii; jg, anaual ring; fh. 



Oele, Oummi und Oummiharze und die Stellung der Secretb«b&lter im 
PSanzenkorper," in Pi ingsheim's Jalirb. ftlr wisBeiiBcliaftl. Botanik, v. 
(1667), p. 380. H. Mayr, '' EnlBtehungund Vertheilung der Sekretions- 
organe der Fichte UDd Larche," Botan. CentralWatt, xi. (1884), 278. 
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amongthemselves; yet a conformity to some law in the position 
of these receptarles is sometimes apparent upon a trans- 
Terse section. The root-stock of Arnica, for example, shows 
a large balsam-passage {Fig, 182) before each flbro-vascu- 
lar bundle. A similar arrangement may be seen to exist in 



Fia, IBS.— PortJon ot a traosrerae sectian from Che iindergrouDd stem (rhizome) of 
Arnica montarta. Before each xylem-ray (wood-bundle) l^ tfaere is a very large oil 
space; o, b, cavitleB formed by the laceration of the fundamectai tissue; a, epidermis 
ot the root (epiblema) ; m, medalla. TheceUsot theepidermis are spirally striped; in 
tbe suiTomidlnea of tlie olI-Bpacee are drops of oil wblcb have escaped. Compare also 
Berg's " Atlas," Plates 8, fl, 10. 

Radix Angelicm and R. Levistid, in Rhizoma Imperaioria and 
others, although, in the course of development, which is not 
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always perfectly uniform, they often become disturbed in con- 
sequence of the laceration of the individual tissues. 

Hand in hand with the organic transformations just described, 
there occur, in the surroundings of the passages, certain chemi- 
cal processes, to which the resins, volatile oils and varieties of 
mucilage owe their origin and also the special form which 
enables them to pass into the intercellular spaces. The resins, 
namely, are either dissolved involatile oils, as " balsams " or " tur- 
pentines,'^ or they are emulsified by mucilage (gum). It is only 
in this form that they are capable of passing through the cell- 
walls into the passages formed for their reception. Although 
the manner of formation of the cells and tissues * which 
have here been considered may appear quite clear, yet the 
chemical side of these processes has so far not been elucidated. 
In many cases, resin and volatile oil appear to be produced from 
amylum. If this may be accepted with some degree of probabil- 
ity, the equally just supposition is forcibly presented that under 
certain conditions cellulose, which agrees with amylum in its 
composition, is also capable of undergoing the same transforma- 
tion. As a matter of fact, this is also the case with the lysigenic 
canals, which have previously been considered (compare page 
248). 

According to Frank^s investigations," it would appear as if 
the oil-tubes or stripes, vittcBy^ which are so 'characteristic for 
many of the umbelliferous fruits, first became forced asunder 
through the volatile oil which makes its appearance in them, 
while the balsam-passages of umbelliferous roots present the 
development illustrated by Pigs. 169 to 175. But in many of 
these fruits the oil-tubes also show remnants of transverse walls 
(Fig. 183) which presumably indicate a solution of original 
boundary cells. The effloresced appearance of the tissues which 
surround the oil-tubes in Fructus Carvi, Fructus Fceniculiy 

' Especially described by MQUer, loc, cit., p. 387. — Thomas, Ibid., 
v., p. 48. — See also Frank, " Beitr&ge zur Pflanzenphysiologie," Leipzig, 
1868, pp. 120, 123. 

• ** Beitr. z. Pflaiizenphy8iologie,"Jp, 128. 

» Fig. 94 o.— Berg's "Atlas," Plates xli., xUi., xliii. 
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etc., also supports this view. It has, howeyer, recently been 
shown that the oil-tubes are produced in the same manner as 
the resin-receptaclea of roots,' and are thus of schizogenic 
origin. 

Aa an exception, in Fructus Conii oil-tubes ' are not found 
at the period of ripening (as has previously been already men- 
tioned), but rather a conuected layer of cells {Fig- 184), in 
which is located the volatile oil and coniine. When observed 



Via, I8S.— Longltudliial aectioDlUmmgh an oil-paasage from Fntcbu Famicvii, vfUi 
trauBverae wiUto; a, dark-brown etflorescinj; cork-lite tissue; a, albumen of the seed. 

on a longitudinal section (Fig. 185), this layer represents the 
cells superposed in a compartment-like form; if their transverse 

'lADge, "Uber die Entwickelung der Oelbehilter bei dec Umbelli- 
feren," Kdnigsberg, 1884. Di see rtation.— Compare also S. Bartsch, 
" BftitrAge zur Anatomie und Entwickelungageschiobte der Umbelli- 
ferenfrdchte." Inaugural Dissertation, Breslau, 1882. 

' In young ovaries they are present as an initial formation, but do not 
become developed. 
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walls were to disappear, the figure of an oil-paesage produced 
by resorption would be obtained. Such a solution of the trans- 
yerse walls does not occur, however, in Pructus ConiL 

The spaces which have just been considered contain either 
volatile oil (Myrtacese), which in drugs is often already more or 
less resinified, or a mixture of volatile oil and resin, or finally 
resin itself. 

Kesin, which is free from volatile oil, is also met with in 
Lignum Ouaiaci and in Lig. Quassiw m the form of brittle. 



Fro. 1B4.— Transreree section through FnKiu* Conii; a, albunien of the seed; 6, 
«mhiyo; ce, oommiBBurftl aiirfaoe: c, epidjnnls; m, tissue of the (niit casing; t', loner- 
most layer of UielaUer; i, layer of cells containing -volatile ollandoonllnB; o, vittro; «, 
ribs (coatiEl, traversed by flbro-vascular bundles, 

shapeless masses. In these two plants the resin first makes its 
appearance at a later period (at an advanced age) in ordinary 
wood-cells and vessels of the heart-wood; it thus shows a deport- 
ment similar to that of physiological gum (see page 166), with 
which it also appears to be chemically related (see also page 
364). 

By a microscopical examination, the resin and oil, especially 
■when they occur mixed with each other as a balsam, escape from 
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these depositories in the form of small, strongly refracting 
drops, which are more frequently yellowish or hrownish thani 
colorless, and are clearly miscible with alcoho], or at least with, 
absolate alcohol, ether or benzol, and with fixed or volatile; 
oils. 

A mixture of gum, resin, and volatile oils (gum-resin), as in 
asafeeiida, galianum, and ammoniacum, or even gum or muci- 
lage alone (Cyeadefe),' ia also found in schizogenic secretion- 



However, should any of the material occurring in cells or In 



rer, (, of Fig. 184. The letters 

intereollalar spaces be found to be indifferent towards the above 
solvents, it does not necessarily follow that resin is absent, since 
the older lumps of resin dissolve only with difficulty. 
. The reains are colored red by tincture of alkanet. The 
reagent of Unverdorben and Pranchimont (an aqueoua solution 
of acetate of copper) colors the drops of resin, after several 
days' maceration in the liquid, emerald-green. 

The resins are not, however, confined to these receptacles, as 

' G. Kraus, in Pringsheim's Jahrb. f. wiasensch, Botan., iv., p. SOS, 



262 PLANT ANATOMY. 

is already evident from the description of the latter. In young 
cells, where the resin is first formed only in small amount, it is 
destitute of any special color; the same is the case where the 
resin forms semi-liquid granules, especially in those plants 
where it occurs emulsified as a constituent of laticiferous juices, 
for example, in Tuier Jalapm. This extremely fine division 
and liquefaction of the resins is promoted in the laticiferous 
juices of the Umhellif erae by the volatile oil which they contain. 
Under such conditions the resin may be recognized by its 
tendency to absorb coloring matters. Iodine solution, or pre- 
ferably aniline colors dissolved in water, carmine, etc., when 
carefully added in corresponding amount, are very useful for 
this purpose. To be sure, this does not always prove that the 
colored bodies are resins, but the coloration, nevertheless, affords 
good points of discrimination. 

The schizogenic secretion-receptacles are generally closed. 
There are, however, cases where the secreting space is open, and 
communicates with intercellular spaces of the parenchyma, 
which likewise sometimes contain a secretion {Oxalis floribunda, 
Peganum Harmala^ Lysimachia Uphemerum), 

With regard to their morphology and the nature of their 
development, the following varieties of secretion-receptacles 
should, therefore, be maintained distinct: 
I. True Cells. 

(a) Isolated in the interior of the tissues, and on all sides in 

connection with the other elements of the tissue. 

1. Containing oil : Macis, Laurus, Cortex Angosturce, 
roots of the Zingiberacese, Acorus Calamus, Cinna- 
mon bark. 

2. Containing mucilage : Ct7inamon-bark, Elm-bark, 
Althcea root (filling entire tissues in Chondrus). . ' 

3. Containing laticiferous juice, simple : galls, from 
species of Rhus, from Eastern Asia : Euphorbiacese. 

4. Containing crystals, especially in monocotyledons. 

5. Containing tannin. 

(b) United in a band of cells. Fructus Conii, Tuber JalapcBy 

Dichopsis Gutta. 
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{c) As glandular heads of hairs. 

1. Upon the epidermis, glandular hairs of the LabiatsB. 
Kamalay Glandules Lupuli (coUeters). 

2. Projecting into intercellular spaces {Aspidium Filix 
mas). 

II. Secretion-receptacles produced through the fusion of cells: 

(a) Of rows of cells : latex-tubes (Papaveraceae, CichoriacesB, 

CampanulacesB). 

(S) Of homogeneous aggregations of cells : lysigenic oil- and 
balsam-passages (RutacesB, including the Aurantieae). 

(c) Of entire, and also dissimilar portions of tissue : gum- 
glands. 

III. True intercellular spaces : 

{a) Containing oil or resin, schizogenic balsam-passages (in 
the Coniferae, Umbelliferas,* Myrtaceae, LeguminosaB, 
Hypericineae). 

(b) Containing gum-resin (the roots of some UmbelliferaB). 

(c) Containing mucilage, schizogenic mucilage-passages 

(Cycadeae). 

(d) Containing laticiferous juice {Alisma Plantago). 

The secretion receptacles may he protogenic, that is, they may 
be formed already in quite young tissues, or they may be 
hysterogenic, that is produced at a later period in old and com- 
pletely developed tissue. 

In transmitted light, many leaves appear finely punctate in 
consequence of the presence of resin cells, resin cavities, and 
crystal cells. Bokorny has utilized these ^^ pellucid points'^ 
diagnostically.' The pellucid points are caused by resin cells in 
the Lauraceae, Piperaceae, Meliaceae, Sapindaceae, CanellaceaB, 
Anonaceae and others, by resin-cavities in the Myrsineae, Myrta- 
ceaB, EutaceaB, and Hypericineae. 

^ The size of the resin-canals possesses diagnostic value in distinguish- 
ing Bad, Levistici and Angelicas, In the former they have the same di- 
ameter as the vessels ; in Angelica^ on the contrary, they are consider- 
ably wider. 

* '* Die durchsichtigen Puncte der Bl&tter in anatomischer und syste- 
matischer Beziehung." Flora, 1882. 



PATHOLOGICAL FOEMATIONS. 

The morphological and anatomi co-physiological relations of 
the organs formed in the normal vital processes of plants having 
been considered so far as they relate to our purpose, some other 
phenomena may still be mentioned which are produced by dis" 
turbances of the normal processes. 

When a part of a plant is wounded by the human hand or by 
an animal, it is capable of repairing the injury. The most 
usual form of protection is the formation of cork (protective 
cork) on the wounded place. Figure 109 a shows, for example, 
how on a fruit of the Vanilla, which has been wounded by an 
insect, cork has been produced around the wounded place, 
whereby access of air is excluded from the inner tissues. Cork> 
is the ordinary form of protection for delicate organs, but 
naturally, is only met with in such places where cells occur 
which are still delicate and readily suberized. If, on the con- 
trary, the stem of a dicotyledonous woody plant is wounded 
down to the wood, the plant selects another means of protec- 
tion, since cells here become exposed which can no longer be- 
come suberized. Accordingly, in all the cells of the wood 
which border on the wounded place, gum (wound-gum) is pro- 
duced as an exudation of the thick membranes, which gradually 
fills the cell cavity and thus directly closes the wound. The 
masses of gum and resin which occur in the dead heart-wood of 
the officinal woods (page 260) are probably such protective gum. 
During this process, in those portions of the bark which are 
still capable of development, the plant endeavors to close the 
wound from both sides. There are thus produced, by very 
active growth in the contiguous cambial zone, broad, inflated 
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cushions, or excrescences, which gradually constrict the wounded 
place more and more, and, indeed, may finally entirely close it. 
Such enlargements of the tissue as are produced by outward 
influences are termed hypertrophies. They occur not only in the 
form of excrescences, but also as variously shaped malformations,, 
which should not be classed with the excrescences without 
further distinction. While, namely, the latter are to be regarded 
as a reaction produced in consequence of a single wound, the 
other anomalous formations, quite generally designated by the 
name of galls or cecidice, are of service to the insect or para- 
sitic plant which produces the wound. Hence there may be 
distinguished according to the respective organism, fungus- 
galls (mycocecidise) — for of all plants only the parasitic fungi 
produce such formations — and insect-galls (zoocecidiae. ) 
Whether, however, a plant or an insect is the cause of these 
formations, the symptoms are always the same. By a vigorous, 
and often greatly increased formation and division of cells, the 
affected part of the plant, which always consists of cells which 
are still capable of development, is very considerably enlarged^ 
and manifold and often very strange malformations are pro- 
duced. An active conveyance of sap affords abundant nourish- 
ment, which is often so great that not only are the requirements 
fulfilled for the new formation of cellular tissue, but numerous 
surplus products (for instance, starch) also accumulate in the 
cells. Moreover, peculiar bodies (such as tannic matters) are 
also frequently formed in the cells of the gall, which are either 
wanting in the other tissues of the plant, or are contained in 
them in very much smaller amount. Upon such an activity of 
development, which is increased and qualitatively changed 
through irritation, essentially depends the formation of galls. 

In the fungus-galls, the hyphae of the fungus, nourished by 
the richly supplied cells, penetrate the intumescence. In the 
case of the insect-galls, the interior, which is mostly hollow, 
serves as an abode for the insect; it there passes through its 
entire course of development, from the Qgg to the perfect insect 
( Cynips galls of the Oak), and even through several generations. 

Since the galls seriously injure the plant only when they are 
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produced in quantitatively very considerable amounts, a case of 
symbiosis * (cohabitation) is thus presented here, of beings be- 
longing to two different series, though, since the one lives chiefly 
at the expense of the other, this borders closely on parasitism. 
These formations are very remarkable from the fact that a plant 
does service for an insect and constructs for the latter its 
dwelling place. 

Since insects of different classes (Hemiptera, Diptera, Hy- 
menoptera) participate in the production of insect galls — and 
only these interest us here— it is impossible to make any state- 
ments of general application regarding these gall formations, 
which occur upon plants of all the families of phanerogams.' 
Their shape, like the nature of the irritation which produces 
them, is extremely variable. 

Only those galls which are rich in tannin are of technical 
importance, and these are also our best sources of tannin. The 
oaks, especially, furnish many valuable galls.^ 

The galls of Asia Minor (or galls in a general sense) are pro- 
duced by the puncture of the ovipositor of the female insect of 
Cynips gallm tindoricB Olivier (a Hymenoptera) in the young 
shoots of Quercus lusitanica Lamarck. The female insect, de- 
veloped in the hypertrophic tissue from the egg deposited 
therein, afterwards bores for itself a passage and escapes from 
the gall, by which it was sheltered during one of its phases of 
life. 

The so-called Chinese and Japanese galls, on the contrary, 
are produced by the female Aphis sinensis (a Hemiptera) in the 
younger shoots and leaf-stalks of Rhus semialata Murray. In 
these galls, which are mostly very large, the numerously intro- 
duced eggs become developed as plant-lice, pass through succes- 

' ^vv with, and pietv to live. 

'Compare especially, Frank, ** Handbuch der Pflanzenkrankheiten." 
'The galls which are employed technically and pharmaceutically 
have been very excellently described by Hartwich (Arch. d. Pharm., 
21, 1883, p. 830); compare also Wiesner, **Roh8toflfe des Pflanzenreiches," 
Vienna, 1873, pp. 846, with numerous illustrations. 
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isive generations, and finally escape. In the commercial galls, 
the small insects are still frequently found which have been 
iilled by scalding or have otherwise been destroyed. 



MICRO-CHEMICAL REAGENTS. 

In the course of the preceding representation the chemical 
detection of one or another substance has already been alluded 
to, and, indeed, the treatment of microscopic sections with 
suitable reagents affords many valuable disclosures. As in all 
other cases, definite answers are obtainable, when systematic 
and accurately formulated questions are propounded. For 
this purpose, chemical reagents * are of service, among which 
the following may be designated as especially important: 

1. Chromic Acid (free from sulphuric acid) dissolved in lOQ 
parts of water. This is adapted in general for the purpose of 
loosening composite, thickened cell- walls and constituent bodies, 
whereby the finer relations of structure are very often made 
evident, since chromic acid is also capable of clearing up 
darkly colored cell- walls, and, on the other hand * separates the 
layers and finer membranes, thus bringing them more clearly to 
view. By means of this acid, starch granules are completely 
separated into laminae, the strata of the Cinchona bast-fibres 
(page 155, Fig. 73) separated from each other and lignified mem- 
branes dissolved, while suberized membranes are rendered more 
clear. 

When employed in a more concentrated form, or allowed to 
act for a longer time, chromic acid destroys the cell -walls. Its 
application, therefore, requires continual observation of the sec- 
tions which are treated therewith, in order to completely survey 
the result of the phenomena. 

* Compare Poulsen's ** Botanische Microchemie," Gassel, 1881; and 
Behrens' *• Hilfsbuch zur AusfUhrung microscopischer Untersuchun- 
gen/' Braunschweig, 1888. The American editions of these two works 
are noticed on page 49; in both of them are contained numerous refer- 
ences to the literature of the subject. 



MICRO-CHEMICAL REAGENTS. 269 

2. Hydrochloric Acid of the specific gravity 1.110 acts much 
less energetically upon the cell-walls; yet, without causing these 
to swell in a disturbing manner, it seizes upon many of the con- 
stituent substances and thereby permits the structure of the 
tissue to be more clearly recognized (a stronger acid effects 
tumefaction). Calcium oxalate (page 129) is readily dissolved 
by hydrochloric acid. 

3. Sulphuric Acid. 

The dilute acid (specific gravity 1.110) causes starch and the 
membranes to swell. Cellulose is converted by it into amyloid 
(page 159). 

Concentrated sulphuric acid (specific gravity 1.836) dissolve 
the membranes and their contents; only the cuticle, cork, 
the nucleus sheaths (page 202), intercellular substance, and the 
oil drops contained in the cell resist its action. 

In the phloroglucin reaction (page 161), sulphuric acid can be 
applied in place of hydrochloric acid. When mixed with indol * 
the former is a good reagent for lignified membranes. 

4. Nitric Acid of the specific gravity 1.180, either alone or 
after the addition of ammonia, colors protein substances, as also 
the middle lamella, yellow. Hohnel employs it for the detec- 
tion of suberin (cerin reaction). 

Since nitric acid dissolves starch as well as sulphuric and 
hydrochloric acids, it can likewise be employed for clearing up 
tissues which are rich in starch. 

Nitric acid alone, or, still better, a mixture of nitric acid and 
potassium chlorate (Schnitzels maceration), is the best agent for 
isolating the individual element of tissue. The boiling acid, to 
which small crystals of potassium chlorate are gradually added, 
dissolves the middle lamella. This method of procedure is par- 
ticularly applicable to the examination of vegetable powders 
(Cinnamon, Cinchona, etc.); dark membranes at the same time 
become bleached thereby. 

When treated in this manner, boiled scraps of drugs are re- 

* A colorless crystalline principle of the composition C sHtN, ob- 
tained by the action of reducing agents on the blue coloring principle of 
indigo. F. B. P. 
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Bolyed by the preseiire of the glass cover upon the slide into the 
separate elements (Fig. 186), which may then be conveniently 
further examined. It is, however, to he considered that the 
reagent prodncea a swelling of the membranes, as also a solution 
of the bodies contained therein. It is likewise to be observed 
that Schultze's maceration dissolves the lignin from the lignified 
membranes, so that the latter then show the cellulose roaction. 
Before the objects that have been thus treated are brought 




FiQ. ISS.—IBoIaCedelementaoCcJnnamonJiarli obtained bf maceration vlthBohultaa's 
liquid, b, boet-^llB; «c, stone-ceUs <sclerelda>; p, parencbTma; mh, macUage oelte; 
at, stoTcb KTonulea ot the cinnamon {Tscbircb), 

under the microscope, it is necessary to thoroughly wash out 
the reagent. 

5. Acetic Acid of the specific gravity 1.040 often clears up in 
a remarkable manner such sections as have previously been 
treated with alkalies. Since calcium oxalate is insoluble in 
acetic acid, the latter may also be employed as a confirmative 
test when the recognition of this salt is in question (compare 
Dage 133). This acid is likewise of service in the examination 



MICROCHEMICAL BEAGENT8. 271 

of protoplasm, since it causes the nucleus of the cell to appear 
sharply defined. 

6. Neutral Acetate of Copper dissolved in twenty parts -of 
water. If tissues containing resin are allowed to remain for 
some days in this solution, the metal combines with the resin to 
form green clots. 

7. Tannic Acid is always dissolved freshly just before use in 
twenty parts of water, and employed in the search for alkaloids. 

By moistening thin sections with water, to which a slight 
trace of acetic acid has been added, a concentrated liquid extract 
of the substance is prepared, which is tested by the gradual 
addition of a few drops of the solution of tannic acid upon the 
slide. If a turbidity is produced, it may be due to the presence 
of alkaloids, but may also be caused by the so-called bitter 
principles, or by albumen. 

8. Solution of Soda of the specific gravity 1.160, containing 
15 per cent of sodium hydroxide. Instead of this solution, an 
equally strong alcoholic solution may serve for many purposes. 
The corresponding solutions of potassium hydroxide have the 
same action. 

The caustic alkali causes the cell-walls to swell, and dissolves 
many of the constituent substances, especially coloring matters, 
whereby the sections are rendered very much clearer; from 
lignified membranes the lignin is extracted by means of warm 
solutions of caustic potassa or soda. In many cases the treat- 
ment of the tissue with alkali permits of the clearer recognition 
of the relations of the strata. The protein crystalloids reveal 
their organic structure by swelling, whereby their plain surfaces 
become for the most part rounded and the angles changed. 
Many yellow coloring substances (chrysophan in Rhuharhy 
frangulin in Cortex Frangulm, chrysarobin) become red by 
alkalies, a reaction for which lime-water is well adapted. 

9. Sodinm Hydroxide (solid caustic soda) or potassium 
hydroxide may be conveniently kept and employed in the form 
of powder, when the amount to be applied does not require to 
be more accurately measured. 

10. Ammonia Water, of the specific gravity 0.960, is often 
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preferable to potassa and soda, since the two latter frequently pro- 
duce an altogether too energetic swelling, which detracts from 
the clearness of the outlines. The jelly which is formed by the 
action of the alkalies upon starch also interferes very much. 
By the application of ammonia neither of these objectionable 
results are produced, while its power of dissolving coloring sub- 
stances is not less in extent. Starch suffers no change by the 
action of ammonia. 

Ammonia water, still further diluted, is adapted for softening 
dried plants and many drugs which it is desired to examine 
more thoroughly. Sections which are treated with nitric acid, 
and afterward washed and moistened with ammonia, admit of 
the sharp recognition of protein substances and of the middle 
lamella by means of their yellow color (xantho-protein reaction). 

11. Alkaline Solution of Tartrate of Copper. The solu- 
tion of the tartrate of copper and sodium in caustic alkali, the 
80-called " Fehling^s solution,^^ is not convenient for micro- 
chemical purposes. Jn place of it, the following method of 
procedure may be recommended: A solution of 3 parts of 
sulphate of copper (blue vitriol), free from iron, in 30 parts of 
hot water is mixed with a solution of 7 parts of Eochelle salt 
(potassio-sodium tartrate) in 20 parts of hot water, the resulting 
precipitate collected and dried. When used, a little of this pre- 
cipitate is brought upon the object-glass, a small fragment of 
caustic soda added, and thereupon a few drops of water until a 
clear solution is produced, or this may also be effected by the use 
of the least possibly quantity of the solution of caustic alkali (KTo. 
8). The section is then moistened therewith. This alkaline 
solution of 'the tartrate of copper is useful in testing for sugar, 
since uncrystallizable, so-called fruit sugar (page 142) imme- 
diately separates therefrom reddish-yellow, hydrated cuprous 
oxide. This also occurs very soon by the aid of a gentle heat 
when grape sugar is present, but not even by boiling in the case 
of cane sugar (or mannite). Dextrin is also capable of reduc- 
ing the tartrate of copper with the aid of heat. 

The varieties of gum and mucilage effect no reduction in the 
alkaline solution of tartrate of copper. 
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Sachs proceeds in the following manner in the reaction for 
grape sugar. He places the (thick) longitudinal sections for 
some minutes in a solution of sulphate of copper (1 part of 
sulphate of copper and 4 parts of water), then washes them with 
water, and brings them into a boiling«solution of caustic potassa 
(one part of the solution No. 8 and two parts of water). Cells 
containing grape sugar then appear filled with a reddish-yellow, 
granular precipitate (Cu,0). In this reaction it is necessary to 
accurately proportion the time that the section remains in the 
liquid, the amount of washing, thickness of the section, etc., 
for which some experience is required. 

The alkaline tartrate of copper imparts to the albuminous 
substances deposited in the parenchyma a violet color, in con- 
sequence of the formation of compounds of copper with the pro- 
tein substances, as was made known in 1872 by Ritthausen. 

12. Ammoniacal Solution of Oxide of Copper is obtained 

by shaking copper turnings with ammonia water of the specific 
gravity 0,960, with the addition of very little ammonium 
chloride. The ammonical oxide of copper, when prepared in an- 
other manner, has a different action in some cases. This liquid 
is the only solvent for cellulose. It is to be observed, however, 
that its action upon the cell-walls is very different, according to 
their thickness and purity, and that many, as for instance the 
hyphae of fungi and cork, are not attacked by it at all, or at least 
not without previous boiling with caustic alkali or with potas- 
sium chlorate and hydrochloric acid. The action of the ammoni- 
acal oxide of copper does not occur immediately. 

The ammoniacal oxide of copper is only fit for use when it dis- 
solves cotton in the course of a few hours. It is expedient to 
protect it from the action of light, and not to keep it for a very 
long time. 

13. Glycerin of the specific gravity 1.225 is of very general 
use as a clearing agent; with a higher degree of concentration 
its power of abstracting water also comes into consideration. In 
the examination of such constituent substances as would dis- 
solve quickly in water (aleurone, tannic acid), concentrated 

glycerin is very useful, since its solvent power is only gradually 
18 
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exerted. Thus under glycerin the gradual swelling of mem- 
branes affording mucilage and the disintegration of tissues con- 
taining oil may also be conveniently observed, and by the addi- 
tion of water accelerated at will. 

14. Absolnte Alcohol is of service, for example, in rendering 
mucilage visible, which would be washed away by water or would 
form a clear mixture with glycerin. The volatile oils and 
resins are dissolved by alcohol. 

Pats and wax are but slightly soluble in cold alcohol, but, for 
the most part, can be brought into solution by boiling. 

Protoplasm is killed and hardened by alcohol. Since the lat- 
ter has a dehydrating action, its application, either alone or with 
the addition of glycerin, effects a separation of the protoplasm 
from the membrane. 

The tissues can be freed of air by means of alcohol, since the 
latter more readily penetrates into the intercellular spaces, and 
is also capable of absorbing more air than water. 

By placing the respective organs in alcohol, inulin (page 124) 
as also hesperidin (page 143) are obtained in sphaero-crystals. 
Indeed, by means of alcohol, even asparagin and sugar may be 
made to crystallize in organs which are particularly rich therein. 

15. Alcohol of 86 per cent by weight, having a specific 
gravity of about 0.830, the ordinary Spirit of Wine, accomplishes, 
in most cases the some purpose as absolute alcohol. 

16. Alcohol of 60 per cent, besides dissolving the resins,, 
also dissolves the different sugars in considerable amount. 

17. Ether is applied for the removal of solid and liquid fats,, 
whereby resins and volatile oils are dissolved at the same time» 

18. Benzol (CgH.) serves the same purpose as ether, but, 
since it boils at 80° C, it admits of gentle warming (with care!), 
which is often very useful. The same may be said of chloro- 
form. 

19. Chloroform. Eesins, fats, wax, and volatile oils dissolve 
in ether, benzol, and chloroform. These liquids, as a rule, are not 
allowed to flow upon the preparation (under the glass cover of 
the slide). It is preferable to place the preparation in a small 
watch-glass filled with the reagent. 
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Hardened masses of resin, -fiuch as are frequently found in 
older drugs, often resist for a long time the action of the solvent, 
a fact which must be considered in order to avoid incorrect con* 
elusions. An alcoholic solution of caustic soda often has a bet* 
ter action than alcohol and other solvents. 

20. Paraffin of a low boiling point (55 to 75° C), the so- 
called petroleum ether or petroleum benzin. This liquid serves 
for similar purposes as ether, benzol, and chloroform; it has,, 
however, a much less energetic solvent action upon resins. 

21. Fatty Oil (Almond Oil is the best) is employed with adV 
vantage as a mounting medium, when, beside the fatty oil' 
occurring in the cells, it is desired to examine the other con- 
stituents which would become decomposed or dissolved by glycerin 
or water (aleurone). Sections of seeds rich in oil, when placed 
in the fatty oil, appear very much clearer, since the oil is taken 
up by the mounting liquid. 

22. Liquid hi^h-boiling Paraffin {Paraffinum liquidum^ 
of the Pharmacopoea Germanica), serves in most cases the same 
purpose as the fatty oil and is cleaner in its application. 

23. Iodine in the form of powder, when strewn upon moist- 
ened sections, often produces purer colorations than iodine 
solutions; the excess of iodine is easily washed away with water. 
Powdered iodine readily cakes together. It is therefore more 
convenient to use it in form of a trituration with siliceous earth 
or pumice stone, and to preserve it in this form, since the latter 
substances are not objectionable in many of the reactions to be^ 
made with iodine. 

With regard to the application of iodine and its solutions for 
the recognition of starch, cellulose, and protein substances, com- 
pare the respective sections preceding. 

24. Iodine Water. One part of iodine shaken with 4,000 
parts of water is used as a reagent for starch and those forms of 
cellulose which show a similar reaction. 

25. Iodine Solution (Iodine with Potassium Iodide) is a. 

^ A clear, oil-like liquid obtained from petroleum, free from colored^ 
fluorescent, and odorous subfitances. F. B. P. 
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solution of 3 parts of iodine and 8- parts of potassium iodide in 
1,200 parts of water. After some time, a little hydriodic acid is 
formed in this solution; the deportment of the solution is then 
(for example, with starch; see page 122) not precisely the same 
as when the freshly prepared solution is used. 

26. Iodine Tincture. A solution of 1 part of iodine in 10 
parts of alcohol of the specific gravity 0.830. 

27. Iodine witli Glycerin. A mixture of 1 part of iodine 
solution (N"o. 25) with 10 parts of glycerin of the specific gravity 
1.230. 

28. Iodine witli Cliloride of Zinc. In 100 parts of a solu- 
tion of chloride of zinc of the specific gravity 1.800 are dissolved 
6 parts of potassium iodide and as much iodine (about 1 part) as 
the liquid is capable of taking up. 

Pure cellulose — ^though not that of the fungi — assumes with 
the chloride of zinc and iodine a violet color (chloride of zinc 
causes the formation of amyloid). Cells containing tannin as- 
sume with the chloride of zinc and iodine a reddish color. 

29. FotSiSSio-niercnric Iodide (a solution of mercuric iodide 
in potassium iodide) is prepared by dissolving 1.35 parts of 
mercuric chloride (corrosive sublimate) and 5 parts of potas- 
sium iodide in 100 parts of water. Nearly all the alkaloids are 
precipitated by this reagent from their solutions, even when 
highly diluted, so that it affords indications of the presence of 
such substances. The precipitated compounds are mostly 
amorphous, and only a few assume a crystalline form after some 
hours. 

30. Perrons Sulphate (Green Vitriol), prepared in the 
form of a fine powder, by precipitating it from its solution in 
water by means of alcohol, and quickly drying it by exposure to 
the air. When used, 1 part is freshly dissolved in 20 parts of 
water. Many substances of the class of tannins are colored by 
this salt, but usually of a different tint than by ferric chloride. 
The addition of lime-water to sections which have been impreg- 
nated with a solution of ferrous sulphate and subsequently 
rinsed with water, often produces new colorations. 

31. Ferric Chloride. The officinal solution [Pharm. Germ.] 
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of the specific grayity 1.405 is diluted with 10 times its weight 
of water, and the sections allowed to macerate for some time in 
the liquid. If alcohol be employed for diluting the solution,, 
somewhat different reactions are usually obtained, and, upon the 
subsequent addition of lime-water, still further changes of color 
appear. The dilute solution of ferric chloride is decomposed by 
long keeping (as a result of dissociation). Only the officinal 
solution should, therefore, be kept ready prepared. 

The dilute solution of ferric chloride serves chiefly for the 
recognition of tannic matters, which are thereby colored either 
green or blue. It is expedient to discriminate between these 
two classes of colorations, though this is frequently difficult, 
owing to the appearance of transition colors in consequence of 
several tannic matters being usually present at the same time. 
This assumption of the simultaneous presence of several differ- 
ent tannic matters is supported by the observation that the 
coloration first produced by very small quantities of solution of 
ferrous sulphate in cells containing tannin is often changed by 
the further addition of ferric chloride. The behavior of pyro- 
catechin, quercitrin, and rutin to iron salts may here also be 
called to mind. 

Instead of ferric chloride, ferric sulphate or ferric acetate may 
also be employed. 

32. Mercnrous Nitrate, known also by the name of "Mil- 
Ion's reagent/' One part of mercury is dissolved, without 
heat, in 1 part of fuming nitric acid, and the solution diluted 
with 2 parts of water. This liquid imparts a red color to pro- 
tein substances, though only when the latter are present in 
considerable amount. The striping of the membranes is ren- 
dered clearer by Millon's reagent. On account of its strongly^ 
acid reaction, care must be taken not to have it come in contact 
with the microscope. 

33. Aniline Sulphate, in aqueous, or better, alcoholic solu- 
tion, colors all lignified membranes yellow, especially after the 
addition of sulphuric or hydrochloric acid. 

34. Pliloroglncin is a still more delicate reagent for lignifi- 
cation. The sections are thoroughly moistened with hydro- 
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chloric acid, and a freshly prepared solution of phloroglucin in 
100 parts of water dropped upon them, whereupon lignified 
membranes become red. Occasionally, this coloration appears 
without the addition of phloroglucin, for the reason that this 
principle itself occurs in some barks. 

CoLOBiNG Agents. 

35. Aniline Colors. Fuchsine, methyl-violet, methyl-green, 
Hanstein^s aniline-violet (equal parts of methyl-violet and 
fuchsine), vesuvine, as also aniline-blue and aniline-brown, re- 
ceive manifold applications, particularly in bacteriological inves- 
tigations, since these organisms are capable of strongly absorb- 
ing the aniline colors. But in histological investigations the 
above-named colors are also employed, usually dissolved in 100 
parts of water. 

36. Eosin in aqueous solution colors dead protoplasm 
intensely red, and is therefore especially applicable, for example, 
in the examination of sieve-tubes. 

37. Carmine Solution. The best carmine is dissolved in 
ammonia-water, the clearly decanted liquid evaporated to 
dryness, and the residue (preferably only as required) dissolved 
in 100 parts of hot water. This reagent is abundantly absorbed 
by many substances, for example by albumen and resins, also 
hy the delicate cuticle of cells, so that, by an unequal coloration 
of the walls and constituent substances, many relations may be 
rendered clearer. 

38. Hsematoxylin (3.6 parts in 100 parts of water) in com- 
bination with alum is an admirable coloring agent for cell- 
nuclei. 

Mounting Media. 

If it is desired to keep a preparation, it must be preserved in 
a medium which does not evaporate, and in which the structure 
of the preparation may be clearly retained. The most convenient 
to use for this purpose are certain preserving liquids, especially 
glycerin (specific gravity 1.250) or calcium chloride (one part of 
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the salt in three parts of water). These two liquids, particularly 
the first-named, leave most preparations unchanged, even after 
many years. Starch, however, is dissolved by calcium chloride, 
even when it is neutral. 

For firmer objects, sections of more compact drugs, for 
Lycopodium, and also for diatoms (provided they will bear some 
warming) Canada balsam may be employed as the mounting 
medium. The preparations must, however, have previously 
been repeatedly washed with alcohol. The section is then placed 
in Canada balsam which has been liquefied with a little warm 
chloroform, and finally in the slightly warmed balsam itself. 

A solution of gelatin in glycerin is also adapted for delicate, as 
well as for coarse preparations. This is obtained by gently 
warming one part of colorless gelatin with six parts of water 
and seven parts of glycerin. When used, the mixture is lique- 
fied by warming. 

When Canada balsam or glycerin-gelatin are used, it is not 
absolutely necessary to specially cement the cover-glass, since 
the solidifying mounting medium holds the cover-glass firmly; 
but if glycerin or calcium chloride solutions are used as mount- 
ing media, it is necessary to cement the cover-glass. As varnish, 
either the ordinary black asphalt varnish or the yellow "pre- 
pared gold-size '' are employed. 
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Abortive parts of the flower, 75 
Aboul Mena, 24 

Absorption of inorganic nutri- 
ment, 208 

of inorganic salts, 208' 

of organic nutriment, 208 
Acetic acid, 270 
Acid, acetic, 270 

chromic, 268 

filicic, 135, 246 

gallic, 185 

gallo- tannic, 188 

hydriodic, 275 

hydrochloric, 269 

nitric, 145, 269 

phosphoric, 144 

stearic, 106 

sulphuric, 145, 269 

sulphuric, concentrated, 269 

sulphuric, dilute, 269 

tannic, 187. 271 
Acids, plant, 189 
Acropetalous, 78 
Actinomorphous, 78 
Adragantin, 164 
Adulterations, 16, 22. 35 
Adrating system, 285 
.^Sstivation, convolute, 68 

imbricate, 68 

plicate, 68 

valvate, 68 
Agrumi, 27 
Aids to study, 43 
Air, 141 

dry, 141 

spaces, 187, 287 
Akenes, 84 
Albertus Magnus, 28 
Albumen, 87 
Albuminous substances, 285, 278 



Alburnum, 280 
Alcohol, 274 

absolute, 274 
Aleurone, 97 

granules, 97 
Alhervi, 28 
Alkaline solution of tartrate of 

copper, 272 
Alkaloid, 108 
Alkaloids, 189, 249 
Almond oil, 275 
Aloe, 144 
Alphita, 25 
Aluminium, 145 
Amalfi, 26 
Amentum, 78 
Amides, 139 
Ammonia water, 271 
Amygdalin, 185 
Amylo-cellulose, 170 
Amyloid, 128, 168 
Amylum, 108 
Anatomico-physiological system of 

tissue, 174 
Anatomy, 93 
Anatropous, 89 
Androeceum, 70 
Anemophilous plants, 74 
Aniline blue, 278 

brown, 278 

colors, 278 

sulphate, 277 

violet, Hanstein's, 278 
Annual rings, 220, 221 
Annular vessels, 217 
Anthela, 79 
Anthers, 70 

halves of the, 70 

monothecous, 70 
Anthocyan, 104 
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Anthoxanthin, 104 
Apocarpous gynsBceum, 78 
Apotropous, 90 
Apparent rings, 220 
Appendages of the epidermis, 182 

of the fruit, 91 

of the seed, 90 
Apposition, 111 
Arabin, 164 

Arabinio acid, salts of, 169 
Arabs, 23 

Archiv des Apotheker-Vereins, 54 
Areolated pits, 153, 218 
AriUus, 91 

Arnaldus de Villanova, 25 
Arrangement of the leaves, 65 
Arrowroot, 115 

East Indian, 115 
Ash, constituents of the, 144 

estimation of the, 147 

obtainment of the, 146 

of plants, 144 
Asparagin, 185 
Asphalt varnish, 279 
Assimilating surface, 175 

system, 175 
Assimilation, 209 

products of, 102, 107, 119 

starch, 108 
Astrosclerei'ds, 200 
Asymmetrical, 78 
Atropine, 108 
Atropous, 89 

Autochthonous starch, 108 
Autumn wood, 221 
Avicenna, 28 
Axis, 78 

Bacca, 86 
Balsam, 251, 258 

passages, 251, 258 

passages, schizogenic, 254 
Bark, 62, 232 

green, 283 

of monocotyledons, 62 

parenchyma, 282 

pores, 241 

primary, 62 

rays, 63 

rays, secondary, 228 

secondary, 62 
Barks, fracture of, 68 
Basal placenta, 86 
Bassorin, 164, 167 



Bast, 62, 194, 217 

bundles, 68 

cells, firmness of, 196 

cell bundles, 197 

fibres, application of, 199 

horn, 164 

soft, 281 

tubes, 155, 156, 158 
Bean starch, 114 
Beet-root sugar, 142 
Bell, Jacob, 54 
Benedictine convents, 27 
Benzol, 274 
Berg, 41 
Berry, 86 
Bible, 19 
Bibliography of Pharmacognosy, 

58 
Bifacial leaves, 210 
Bitter principles, 189, 249 
Bock, 32 

Bordered pits, 158, 218 
Bork, 62, 188 

formation, 187 

ringed, 191 

scale, 191 
Bostryx, 64, 79 
Botanischer Jahresbericht, 55 
Botanisches Centralblatt, 55 
Bottle cork, 192 
Boyle, 88 
Bracts, 67, 70 
Branches, 62 
Bristles, 182 
Bromine, 145 
Brunfels, 88 
Brunschwig, 82 
Bud, 58, 91 

leaf, 91 

scales, 67 
Bulb, 59 

scales, 66 
Bulbodium tunicatum, 60 
Bulbous tuber, 60 
Bundles, bast, 63 

bast-cell, 197 

primary, 284 

vascular, 211, 218 
Buonafe<l.e, 36 

Calcium, 144 

carbonate, 185 
oxalate, 129 
phosphate, 184 
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'Caljculus, 70 
Calyptrogen, 175 
Calyx, 68 

leaves, 67, 68 
dambiform, 217 

cells, 231 
Cambium, 220 

activity of, 221 

intrafascicular, 222 

ring. 220 
Campylotropous, 90 
Canals, schizogenic, 254 
Cane sugar, 141 
Caoutchouc, 249 
Capitulare, 24 
-Capitulum, 79 
Capsule, 85 

wall of, 157 
Carbohydrates, 235 
Carmine solution, 278 
Carpel. 71, 73. 76, 84 
Carpophore, 83 
Caruncle, 90 
•Caryopsis, 84 
Catalonians, 29 
Cataphylla, 66 
Catkin, 78 
Cato, 21 
Caulis, 62 
Caustic soda, 271 
Cavities, 235 

mucilage, 244 
CecidisB, 265 
€ell, 93 

aggregates, 174 

change of form of, 148, 171 

coRtents of, 94 

fusions, 173, 217 

growth of, 148 

membrane, 148 

membrane, chemical behavior 
of, 160 

nucleus, 96 

passages, 241 

sap, 94 

wall, 94, 148 
Cells, bast, 156, 171, 194 

collenchyma, 194 

cork, 187 

crystal, 223 

daughter, 94 

epidermal, 181 

guardian, 239 

isodiametric, 149 



Cells, latticed, 217 

Unes of, 244, 249 

mucilage, 244 

multiplication of, 94 

of leaf, 172 

organized contents of, 139 

resin, 263 

secerning, 254 

secreting, 244 

spherically polyhedral, 149 

stone, 156, 200 

wood, 218, 223 

wood-parenchyma, 218, 223 
Cellular tissue, 174 
Cellulose, fungus, 160 

membrane, 159 

starch, 121 
Central rhizome, 59 
Centric leaves, 210 
Cerasin, 164 
Cerin, 161 

reaction, 269 
Chalaza, 89 
Changes of the drug on drying, 

140 
Charaka, 20 
Charlemagne, 24 
Chemical constituents, 16 
Chinese, 19 
Chloride of iron, 275 

of zinc with iodine, 275 
Chlorine, 145 
Chloroform, 274 
Chlorophyll, 100 

bodies, 100 

coloring matter, 100 

crude, 100 

formation of, 103 

granules, 100 

granules, fundamental mass 
of, 100 

pure, 100 

reactions, 104 

spectrum, 101 
Chlorophyllan, 101 
Chlorosis, 144 
Choripetalous, 68 
Choriphyllous, 68 
Chorisepalous, 68 
Chorisis, 77 
Chromic acid, 268 
Cincinnus, 64, 79 
Circinal vernation, 69 
Clusius, 81 
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Coalescence, 77 
Collagen layer, 166 
Collateral vascular bundles, 234 
Collecting, time for, 18 
Collections, 48 

of drugs, 48 

of plants, 45 
CoUlBctive fruits, 81 
CoUenchyma, 158, 171, 194 
Colleters, 166, 184 
Colored epidermis, 181 
Coloring matters, 104, 189 

matters, crystalloid, 104 
Columella, 21 
Coma, 186 

Commercial policy of the Dutch, 
81 

relations, 15 
Compound starch granules. 111 
Concentrated sulphuric acid, 269 
Concentric vascular bundles, 284 
Conducting system, 218 
Conduplicate vernation, 69 
Coniine, 259 
Connective, 70 
Constantinus Africanus, 25 
Convent of St. Gall, plan of, 24 
Convolute SBStivation, 68 

vernation, 69 
Copper, acetate, 271 

alkaline solution of tartrate, 
272 

ammoniacal oxide, 278 
Cordus, 82 
Cork, 161, 187, 288 

bands, 187 

cells, 187 

development of, 191 

fat, 159 

protective, 194, 264 

wound, 194 
Corky growths, 194 

growths on leaves, 194 

layer of barks, 187 
Corm, 60 
Cormus, 60 
Corolla, 68 

leaves, 67, 68 
Corona staminea, 71 
Corroded starch granules, 121 
Corrugate vernation, 69 
Corymb, 79 
CostaB, 88 

secundarisB, 88 



Cotyledons, 67, 88 

Crusaders, 27 

Crystal-cells, 288 

Crystalloid coloring matters, 104 

Crystalloids, 98 

Crystals, 185, 244 

Cubebin, 185 

Cultivation of officinal plants, 11 

Cupula, 86 

Cuticle, 161, 179 

Cuticular layers, 180 

Cutin, 161 

Cyathium, 80 

Cycles of the flower, 75 

Cyme, 79 

Cymose. 64 

inflorescence, 79 
Cystoliths, 244 

Decussate, 65 
D6doublement, 77 
Deduplication, 77 
Dehiscence, 85 

of the anthers, 70 
Dehiscent fruits, 84 
Derma, 62 
Dermatogen, 175 
Dermatogenic gum-passages, 25t 
Description of drugs, 15 
Developing tissue, 174 
Development of cork, 191 
Dextrin. 189, 285 
Dextrose, 142 
Diagram of flower, 74 
Dichasium, 79 
Dichotomous svstem, 64 
Dichotomy, false, 79 

forked, 64 
Diclinous, 78 

Dicotyledonous flowers, 75 
Diocletian's edict (801 a.d.)) 28 
Dioecious, 73 
Dioscorides, 21, 82 
DiplecolobesB, 89 
Diplostemonous, 75 
Disk, 67 

extrastaminal, 67 

intrastaminal, 67 
Disorganization of the plant-cell,. 

164 
Dissepiments, false, 72, 84 
Dots, areolated, 152 
Double akenes, 88 
Drug, 189 
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Drugs, collections of, 43 

of the Orient, 29 
Drupe, 86 
Dry fruits, 84 
Dry weight, 141 
Drying drugs, 189 
Ducts, 247 
Duramen, 230 
Duty at Alexandria, 22 



Egypt. 17 

Eisodial opening, 239 

Elementary organs of the wood, 

223 
Elements, mechanical, 217 

specifically mechanical, 194 
Embryo, 86 
Embryonal leaves, 88 
Endocarp, 82 
Endodermis, 202 

single-rowed, 208 
Endophloeum, 62 
Endosperm, 87 

farinaceous, 117 

horn-like, 116 
Eosin, 278 
Epiblema, 177 
Epicarp, 82 
Epidermal cells, 181 

glands, 245 

tissue, system of, 175, 176 

water-tissue, 235 
Epidermis, 176 

colored, 181 

of root, 176 

of several layers, 177 

strengthening layers of, 177 
EpigsBa, 91 
Epigynous, 72 
Epipetalous, 75 
Episepalous, 76 
Epitheliimi, 254 
Epitropous, 90 
Ether, 274 
Etiolation, 103 
Etiolin, 103 
Excrescences, 265 
Excretions, 241 

receptacles for, 241 ' 
Exine. 71 
Exogenous, 64 
Exophloeum, 62 
Extrorse, 70 



Falloppio, 37 
False dichotomy, 79 

dissepiments, 72, 84 
Farinaceous endosperm, 117 
Fat, 105 

Fattv oil, 105, 275 
Fehlmg's solution, 272 
Female organs of the plant, 71 
Fernandez (Oviedo), 33 
Ferric chloride, 276 
Ferrous sulphate, 276 
Fertilization, 73 

by insects, 74 
Fibres, 198 

animal, 199 

bast, 199 

plant, 199 
Fibrous tissue, 199 
Fibro- vascular bundle, 213 
Figurative representation of inner 

structure, 50 
Filament, 70 
FiUcic acid, 135 
Filling tissue, 176 
Firmness of bast-cells, 196 
Flagella, 57 
Florence, 26 

Florentine Levant trade, 26, 29 
Flos, 68 
Flour, 113, 186 
Flower, 67, 68 

cycles of, 75 

formulas of, 76 

receptacle of, 67 

stalk, 68 

leaves of the, 67 
Flowers, 63, 67, 81 

dicotyledonous, 75 

tetracyclous, 76 

tricyclous, 76 
Fluorine, 145 

Folding of the membrane, 211 
Folia, 66 
FolKcle, 84 

Forked dichotomy, 64 
Form of leaves, 66 
Formation of organic substances, 

209 
Formulas of the flower, 76 
Frankfurter Liste, 30 
Fructifying column, 71 
Fruit, 81 

leaves, 71 

pulp, 82 



286 



INDEX. 



Fruit sugar, 142 
Fruits, 81 

collective, 81 

dehiscent, 84 

dry, 84 

forms of, 82 

indehiscent, 84 

stone, 86 

succulent, 85 

winded, 84 
Fuchs, 33 
Fuchsine, 278 
Fulda, 27 

Fundamental mass of chlorophyll 
granules, 100 

tissue, 176 
Funiculus, 86 
Fungus cellulose, 160 

galls, 265 

sugar, 142 

Gallic acid, 135 
Gallo-tannic acid, 138 
Galls, 265 

fungus, 265 

insect, 265 
Gamopetalous, 68 
Gamophyllous, 68 
Gamosepalous, 68 
Garcia*s Colloquios, 81 
Garcia de Orta, 30 
Gehe & Co., 8 
Gelatin in glycerin, 279 
Gelatination, 166 
Genoa, 26 
Geoffrey, 5 

Geographical distribution, 10 
Germinating plant, 60 
Germination, 60 
Gesner, 32 
Ghini, 36 
Glands, epidermal, 245 

intercellular, 246 

internal, 246, 250 

secreting wax, 185 
Glandular hairs, 244 

hairs, internal, 245 

heads, 245, 263 
Globoids. 98 
Glossaries, 28 
Glucosides, 139 
Glume, 67 
Gluten, 235 
Glutinous layer, 98 



Glycerin, 278 

ethers, 161 
Granulose, 121 
Grape sugar, 142 
Grass oils, 244 
Green bark, 233 
Growing point, 94, 174, 220 
Growth in length, 171 

in thickness, 171 
Guibourt, 5, 40 
Gum, 163 

disease, 165 

mucilage, 166 

pathological, 166 

physiological, 166 

resin, 263 

varieties of, 164 

wound, 167, 264 
Gummosis, 166 

of the Amygdalese, 166 
Gynaeceum, 71 

syncarpous, 73 
Gynandrous, 71 
Gynostemium, 71 

Hadrom, 217 
HsBmatoxylin, 278 
Hair formations, 182 

formations secreting resin, 184 
Hairs, 113, 182, 199 

chaffy, 182 

glandular, 166, 184, 245 

inner, 187 

multicellular, 182 

root, 208 

stellate, 182 

stinging, 182 
Half -underground organs, 58 
Halophytes, 145 
Hanstein's aniline violet, 278 
Haustoria, 208 
Head, 79 
Heart-wood, 230 
HerbaB, 63 
Herbaria, 45 
Herbs, 63 
Hermaphrodite, 73 
Hernandez, 33 
Hesperidin, 135, 143 
Heterophyllous, 66 
High leaves, 67 

leaves, involucre of, 70- 
Hildegard, 27 
Hilum, 89 
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Hilum of starch, 109 

History, 17 

History of Pharmacognosy, 17, 53 

Hoffmann, 88 

Horn-bast, 164 

bast, prosenchyma, 164 

endosperm, 116 
Horti GermanisB, 32 
Hortus Sanitatis, 32 
Hutten, 32 
Hyaloplasm, 94 
Hybrids, 74 
Hydriodic acid, 275 
Hydrochloric acid, 269 
Hypanthium, 67 
Hypanthodium, 81 
Hypertrophies, 266 
Hyphae, 123. 172 
Hypocotylons member, 60 
Hypoderma, 177 
Hypogasa, 91 
Hypogynous, 72 
Hypsophylla, 67 

Hysterogenic secretion recepta- 
cles, 263 

Ibn Alawam, 23 
Ibn Baitar, 23 
Ibn Batuta, 23 
Idioblasts, 243 

containing albumen, 243 
Idrisi, 23 
Illustrations of drugs, 49 

of officinal plants, 47 
Imbricate aestivation, 68 
India, 23 
Indol, 269 
Inferior ovary, 72 
Inflorescence, 78" 

compound forms of, 79 
Inner bark, 62, 232 

cork, 188 

fruit layer, 82 
Inorganic compounds in the cell- 
membrane, 139 
Integuments, 86 
Intercellular glands, 246 

resin receptacles, 250 

secretion receptacles, 251 

spaces, 174, 235 

substance, 162, 173 
Internal glands, 250 

glandular hairs, 187 

hairs, 187 



Internodes, 65 

Intine, 71 

Intrafascicular cambium, 222 

Introrse, 70 

Intussusception, 111, 118 

Inulin, 124 

Inventory of the pharmacy at 

Brunswick, 35 
Invert sugar, 142 
Involucellum, 79 
Involucre, 79 

of high leaves, 70 
Involute vernation, 69 
Iodide of mercury and potassium. 

Iodine, 145, 275 

in potassium iodide, 275 

solution, 275 

tincture, 276 

water, 275 

with glycerin, 276 
Irish moss, mucilage of, 167 
Iron, 144 

chloride of, 276 
Isodiametric cells, 149 
Israelites, 19 
Istachri, 23 

Jahresberichte, 54 
Japan, 20 
Jesuits, 20 
JugaB, 83 

Kew botanical gardens, 12, 44, 45 
Khurdadbah, 23 
Kino, 144 
Kyphi, 18 

Label] u^i, 68 
Lacunae, 237 
Laevulose, 142 
Lamina of leaf, 65 
Lateral axis, 64 

branches, 64 

walls of epidermis cells, 181 
Latex cells, 248 

tubes, 242, 247 
Laticiferous ducts, contents of, 
249 

vessels, 248 
Latticed cells, 217 
Leaf buds, 91 

cells, 172 

lamina of, 65 
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Leafy margins of, 200 

merenchyma, 172, 211 

Dodes, 65 

sheath, 66 

skeleton, 213 

spectrum, 101 

stalk, 65 
Leather, formation of, 189 
Leaves, 64 

bifacial, 210 

centric, 210 

floral, 67 

foliage, 66 

insertion of, 65 

position of, 60 
Legume, 84 
Legumen, 84 
Lemerj, 5 
Lenticels, 241 
Leptom, 159, 217 
Levant trade in the middle ages, 25 

trade of Venice, 26 
tjiber, 62 
Libriform, 217 

ceUs, 199, 217, 223 
Lichen-starch, 170 
Lichenin, 123, 170 
Ligna, 61 
Ligniflcation, 160 
Lignified membrane, 160 
. Lignin, 159, 160 
Ligula, 65 

Linseed mucilage, 166 
Liquid paraffin, 275 
Literature, 46 
Lithium, 145 
Loculicidal, 85 
Lodiculse, 70 

Lorenzo de' Medici in Florence, 29 
Lumen, 94 
Lysigenic balsam-passages, 170, 251 

gum-passages, 251 

oil-passages, 263 

passages, 248 

receptacles, 248 

Macer Floridus, 25 
Magnesium, 144 
Maize starch, 112, 116 
Male organs of the plant, 70 
Manganese, 145 
Mannite, 143 
Maranta starch, 115 
Marcgraf , 34 



Marco Polo, 20, 80 
Marino Sanudo, 29 
Martins, 5 
Masudi, 28 
Mechanical elements, 217 

system of tissue, 194 
Medicinal substance, 6 
Medico-pharmaceutical botany, 46 

descriptive works, 47 
Medico-pharmaceutical zoology, 48 
Medulla, 223 
Medullary cells, 172 

crown, 234 

rays, 223 

rays, secondary, 228 

sheath, 234 
Melitose, 142 
Membrane, cellulose, 159 

conversion into gum, 166 

lignified, 159 

metamorphosis of, 166 

suberized, 159 
Mercurous nitrate, 277 
Merenchyma, 172 

leaf, 172, 211 
Mericarps, 83 
Meristera, 174 

zones, 175 
Mesocarp, 82 
Mesocarpium, 82 
Mesophloeum, 62 
Mesophyll, 211 
Mestom, 217 
Mesne, 23 

Metamorphosis of membrane, 166 
Methyl green, 278 

violet. 278 
Micellae, 118 

Micro-chemical reagents, 268 
Micropyle, 89 
Microscope, 48, 93 

use of, 48 
Microscopical preparations, 46 

structure, 16 
Microsomes, 94 
Middle bark, 62, 233 

lamella, 162, 173 

layer, 82 
Milk juice, 140 

sugar, 142 
Millon^s reagent, 277 
Mineral constituents, 144 

constituents of plants, 144, 145 
Monadelphous, 71 
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Monardes, 33 
Monoclinic oxalate, 129 
Monocotyledonous flower, 76 
Monoecious, 73 
Monographs, 53 
Monomerous ovaries, 71 
Monopodia! system, 64 
Monopodium, 64 
Monothecous anthers, 70 
Monte Cassino, 25, 27 
Morphology, 66 
Mother-cell, 94 
Mounting liquids, 278 
Mucilage, 163 

cavities, 244 

cells, 244 

glands, 263 

passages, schizogenic, 263 

plant, 164, 167 

quince, 164, 166 

sugar, 142 
Mucilaginous substances, 164 
MycocecidisB, 265 
Mycose, 142 

Naming the mother-plant, 9 
Nectaries, 67 
Nerves, 211 

ends of, 213, 218 
Netted vessels, 217 
Neumann, 38 
Nicolaus PrsBpositus, 25 
Nitric acid, 145, 269 
Nodes, leaf, 65 
N6rdlinger Register, 30 
Nuclein, 96 
Nucleolus, 96 
Nucleus, 86, 96 

of starch, 109 

sheath, 202 
Nutlets, 72 
Nux. 84 

Oat starch, 117 
Obdiplostemonous, 76 
Obdurator, 90 
Oil, 235, 260 

almond, 275 

cells, 243 

fatty, 105, 275 

passages, 242, 251 

receptacles, 250 

spaces, 251 

tubes, 88, 258 
19 



Olein, 107 

Opisthial opening, 239 

Optical behavior of bast-tubes, 158 

behavior of stone-cells, 158 
Orthoploose, 89 
Orthotropous, 89 
Oudemans, 41 
Outer bark, 233 

wall of epidermal cells, 181 
Ovaries, polymerous, 71 
Ovary, 67, 71 

inferior, 72 

superior, 72 

walls of, 72, 82 
Ovule, 73, 86 
Oxalate crystals, 129 

crystals, aggregates of, 132 

Padua (Garden), 37 
Pappus, 69, 91 
Parasites, 208 
Parasitism, 266 
Palisade cells, 172 

layer, 210 

parenchyma, 210 
Palladius, 21 
Pahnitin, 135 
Paraffin, 275 

Uquid, 275 
Parenchyma, 172 

bands, 220 

cells, 151 

rays, 223 

spongy, 211 
Parietal plalcenta, 86 
Pasi, Paxi, 30 
PathologiciEd formations, 264 

gum, 166 

tannin, 139 
Pectin substances, 170 
Pectose, 164 
Peduncle, 68 
Pedunculus, 68 
Pegolotti, 29 
Pellucid points, 263 
Pentacyclous flowers, 76 
Pentamerous circles, 76 
Pen t'sao kang mu, 20 
Pepper, 22, 26 
Pereira, 5 
Periblem, 176 
Pericambium, 234 
Pericarp, 81, 82 
Pericarpium, 82 
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Periderm, 63, 187 
Perigon, 68, 69, 70 

leaves, 75 
Perigynous, 72 

Periplus of the Erythrsean Sea, 22 
Perisperm, 88 
Permanent tissue, 174 
Petals, 67, 69 
Petiole, 65 
Petiolus, 65 

PharmaceuticalJoumal and Trans- 
actions, 54 
Pharmacognostical systems, 41 

text-books and manuals, 51 
Pharmacognosy, 6 

bibliography of, 53 
Pharmacology, 4 
Pharmacopoeias, 38 
Pharmacy in Dijon (1439), 30 
PheUoderm, 187 
Phellogen, 187 
Phellonic acid, 161 
Phloem, 159, 217 
Phloroglucin. 137, 277 

reaction, 161 
Phoenicians, 19 
Phosphoric acid, 144 
Phyllocladia, 61 
Phyllodia, 61 
Physica, Hildegard's, 27 
Physiological gum, 166 

tannin, 139 
Picrotoxin, 135 
Piperarii, 26 
Piperin, 135 
Pisa, 26, 37 
Piso, 34 
Pistil, 71 
Pits, areolated, 153, 218 

bordered, 153, 218 

dotted, 152 
Pitted vessels, 217 
Place of attachment of the leaf, 65 
Placenta, 86 

basal, 86 

central, 86 

parietal, 86 
Plan of the Convent of St. Gall, 24 
Plant acids, 139 

fibres, 199 

mucilages, 164 
Plants, collection of, 45 

unicellular, 174 
PlateariuB, 52 



Plerom, 175 

Plicate eestivation, 68 

vernation, 69 
Pliny, 21, 22 
Plumule, 88 
PoUen, 70 

cells, 70 

grains, 71 

grains, receptacles of, 70 

sac, 70 

tube, 73 
Pollinaria, 71 
PolUnia, 71 
Polyadelphous, 71 
Polycarpic flower, 73 
Polygamous, 73 
Polymerous ovaries, 71 
Pomet, 6 
Pore canals, 151 

capsule, 85 
Pores, 151, 215 
Porus, 239 

Potassio-mercuric iodide, 276 
Potassium, 144 

chlorate, 269 

hydroxide, 272 

sodium tartrate, 272 
Potato starch, 112, 114 
Pratica della mercatura, 29 
Prepared gold-size, 279 
Prickles, 182, 186 
Primary axis, 78 

bark, 62 

bundles, 234 

ribs, 83 

roots, 56 
Primordial utricle, 94 
Projection of a flower on a plane, 

74 
Prosenchyma, 172 

horn-bast, 164 
Protein bodies, 88, 95 

crystalloids, 98 

granules, 97 

substances, amount of, 100 
Protogenic gum passages, 263 
Protoplasm, 94 

circulation of, 183 

reactions, 96 
Pruinosus, 163 
Pseud-axis, 79 
Pseudo-fruits, 81 

parenchyma, 173 
Pulp, 82 
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Pulpa, 82 

Pulvis contra omnes Febres, 24 
Pyrocatechin, 136 
Pyxidium, 85 

Quadratic oxalate, 131 

Queroitrin, 186 

Quince mucilage, 164, 166 

Raceme, 79 
Racemose, 64 

inflorescence, 78 
Racemus, 79 

Radial vascular bundles, 284 
Radicles, 60, 88 
Radicula, 88 
Rami, 62 
Ramification, 64 

system of, 64 
Raphides, 129 
Rays of the umbel, 79 
Reactions of fats, 107 

of grape sugar, 271 

of starch, 122 
Receptacle, 67 

of the flower, 67 
Receptacles for excretions, 241 

for reserve substances, 235 

for secretions, system of, 251 

of the pollen grains, 70 
Receptaculum, 67 
Reformation der Apotheken, 33 
Regimen sanitatis Salernitanum, 

25 
Report on the progress of phar- 
macy, 55 
Reserve nutritive substances, 59, 
100, 118 

receptacles, 235 

starch, 108 
Resin, 242, 260 

canals, 263 

cavities, 263 

cells, 263 

formation of, 170 

passages, 253 

receptacles, intercellular, 250 
Resorption of the transverse walls, 

170, 173 
Respiratory cavity, 250 
Resupination, 78 
Re volute vernation, 69 
Rhachis, 78 
Rhaphe, 90 



Rhizomata, 58 
Rhizome, 58 

central, 59 

lateral, 59 
Rhytidoma, 62, 188 
Rice starch, 112. 117 
Rima, 70 
Ringed bork, 191 
Root, 56, 58, 59, 118, 213 

branches, 56 

epidermis of, 176 

fibres, 57 

hairs, 57, 182, 208 

primary, 56 

secondary, 57 

stock, 58 

tip of, 56 
Rumphius' Herbarium amboi- 

nense, 31 
Runners, 57 
Rutin, 136 

Saccharose, 142 
Saf^on, 22, 85 
Sago starch, 113 
Salernitans, 25 

Salerno, medical school of, 25, 27 
Samara, 84 
Sap-wood, 230 
Sarcocarp, 107 
Scalariform vessels, 217 
Scale-bork, 191 
Scales. 245 
Scheele, 38 
Schizocarps, 83 

Schizogenic balsam passages, 251, 
263 

canals, 254 

mucilage passages, 263 

receptacles for secretions, 254 
Schleiden, 40 
Schultze's macerating liquid, 160, 

269 
Sclereids, 157, 171, 200 
Sclerenchyma, 200 
Sclerotium, 173 
Scutellum, 208 
Secerning cells, 254 

trichomes, 184 
Secondary bark, 62 

bark rays, 228 

growth in thickness, 220 

mediUlary rays, 228 

rhizome, 59 
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Secondary ribs, 83 

zylem ravs, 228 
Secreting cells, 244 
Secretion, receptacles of, 251 

receptacles of, formed by cell 
fusion^ 268 

receptacles of, intercellular, 
2^ 
Secretions, 184, 242 

organs of, 242 

scnizogenous receptacles for, 
254 
Seed, 87 

appendages of the, 90 

integuments of, 87 

nucleus of, 87 

shell, 87 

testa, 87 

vessel, 86 

yield of, 74 
Sepals, 67, 68 
Septicidal, 85 
Septifragal, 85 
Serapion, 28 
Sertflmer, 89 
Sheath, 66, 79 

nucleus, 202 
Sieve plates, 231 

portion of vascular bundle, 213 

tubes, 217, 281 
Silica, skeleton of, 145 
Siliqua, 84 
Silicium, 144 
Soda, caustic, 271 
Sodium, 144 

hydroxide, 271 
Soft bast, 281 
Solit&r, 99 

Spaces, intercellular, 174, 235 
Spadiz, 79 
Spathe, 79 
Specifically mechanical elements, 

194 
Spectrum of chlorophyll, 101 

of leaf, 101 
Sphsero-crystals, 111, 126 
Spica, 78 
Spike, 78 
Spiral vessels, 217 
SpirolobeaB, 89 
Spongy parenchyma, 211 
Spores, 71, 150 
Spring-wood, 221 
Spur, 68 



Squamae, 66 
St. Gall, 24, 27 
Stamen, 67 
Staminodia, 71, 75 
Starch, 108 

assimilated, 108, 120 

autochthonous, 108 

bean, 114 

cellulose, 121 

composition of, '121 

formation of. 111, 119 

granules, compound, 111 

granules, corroded, 121 

granules, form of, 112 

granules, size of, 123 

hilum of, 109 

lichen, 123 

maize, 112, 116 

maranta, 115 

nucleus of, 109 

oat, 117 

paths of, 119 

potato, 112, 114 

reserve, 108 

rice, 112, 117 

sago, 113 

sheath, 120, 206, 231 

transitory, 120 

wheat, 112, 115 
Stearic acid, 106 
Stearin, 135 
Stellate hairs, 182 
Stem, 61 

organs of, 60 

structures, 60 

structures, form of transverse 
section, 61 

summit of, 64, 174 
StereSds, 194 
Stereom, 194 
Stigma, 73 

papillaB of, 73 
Stinging hairs, 182 
Stipites, 61 
Stipulse, 66 
Stipules, 66 
Stolons, 57 
Stoma, 239 
Stomata, 238 
Stone cells, 156, 158, 171, 200 

fruits, 86 
Storage system, 235 
Stratification, 154 
Stroma, 100 
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strychnine, 135 
Style, 73 
Stylus, 73 
Suberin, 159, 161 
Suberized membrane, 162 
Substance, intercellular, 162, 173 
Substitutions, 16 
Sugar, 139, 141, 235 

cane, 141 

beet-root. 142 

fruit, 142 

grape, 142 

invert, 142 

milk, 142 

mucUage, 142 

sheath, 231 
Sulphuric acid, 269 

acid, concentrated, 269 

acid, dilute, 269 
Superior ovaiy, 72 
Surface growth, 148, 171 
Susruta, 20 
Suture, dorsal, 84 

ventral, 71, 84 
Swarm spores, 93 
Symbiosis, 266 
Sympetalous, 68 
Sympodium, 64 
Symsepalous, 68 
Syncarpium, 83 
Syncarpous gynseceum, 73 
System, absorbing, 208 

aerating, 175, 235 

assimilating, 175, 209 

conducting, 175, 213 

dichotomous, 64 

epidermal, 175, 176 

mechanical, 175, 194 

monopodial, 64 

of ramification, 64 

of receptacles for secretions, 
175, 241 

stormg, 175, 235 
Systems of tissue, 175 

pharmacognostical, 41 

Tannic acid, 137, 271 

matter, 137 

matter, estimation of, 138 
Tannin, 125 

pathological, 139 

physiological, 139 
Tap roots, 56 
Taripha, 80 



Tendrils, 67 
Tensions, 111, 154 
Testa of seed, 87 
Tetracyclous flowers, 76 
Tetramerous circles, 76 
ThecflB, 70 
Theobromine, 135 
Theriac, 35 
Thyllse, 194 
Tissue, cavities in, 235 

fibrous, 199 

fiUing, 176 

fundamental, 176 

permanent, 174 

systems of, 175 

transpirating, 238 
Torus, 67 

Trabecular vessels, 217 
TrachesB, 217 
Trachelds, 217, 218, 223 
Trade-books, 28 
Tragus, 32 

Transitory starch, 108 
Treatment of the subject-matter, 8 
Trichome formations, 245 
Trichomes. 182, 185 

secerning, 184 

secreting nectar, 185 
Tricyclous fiowers, 76 
Trimerous circles, 76 
Trommer's reaction, 142 
Trommsdorff, 5, 39 
Trunci, 62 
Tubers, 59 
Tuft of hairs, 246 

Typical structure of vascular bun- 
dles, 217 

Umbel, 79 
Umbellet, 79 
Under leaves, 58, 66 
Underground organs, 56, 58 
Unicellular plants, 93 
University garden, the first botani- 
cal, 37 

of Bologna, 36 

of Padua, 36 

Vacuoles, 94 
Vagina, 66 
Valerius Cordus, 31 
Valleculas , 93 
Valvate aestivation, 68 
vernation, 69 



294 



INDEX. 



Valves, 70 

Vanillin, 185 

Varro, 21 

Vascular bundle rin^s:, 229 

bundle sheath, 202 

bundles, 211, 213 

bundles, typical structure of, 
217 
Venice, 26 
Vernation, circinal, 69 

Gonduplicate, 69 

corrugate, 69 

involute, 69 

plicate, 69 

revolute, 69 

valvate, 69 
Vessels, 171, 217, 223 

annular, 217 

netted, 217 

pitted, 217 

scalariform, 217 

spiral, 217 

trabecular, 217 
Vesuvine, 278 
Vexillum, 68 
VittsB, 88, 258 
Volatile oils, 140. 242 

Water, amount of contained. 189 

cultures, 146 
Wax. 168 
Weddel, 40 



Wheat starch, 112, 115 
Winged fruits, 84 
Wood, 61, 228 

autumn, 221 

cells. 218, 228 

elementary organs of, 228 

fibres, 228 

heart, 280 

parenchyma, 217, 218 

parenchyma cells, 218, 228 

ring: of dicotyledonous stems, 
222 

sap, 230 

spring, 221 
Wooay substance, 160 
Wound cork, 194 

gum, 167, 264 

XanthophyU, 100 
Xanthoprotein reaction, 272 
Xylem, 217 

rays, secondary, 228 
Xylogen, 160 

Year book of pharmacy, 54 

Zinc chloride with iodine, 276 
2iOidiophilous plants, 74 
Zoocecidia, 265 
Zottenkopf , 246 
Zygomorphous, 78 



CORRIGENDA. 

Page 170. for lacticiferousy read laticiferous. 

Page 172. notes 2 and 5. Here and in a few other places the Greek ac- 
cents have been broken off during the printing. 

Page 211, second line from top, for falling off of the membrane, read 
folding of the membrane. 

Page 235, sixth line from top, tor tvbes, read tvbera. 
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